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ABSTRACT 
This thesis is concerned with the thermal reactions of 
3H-1, 2-benzodiazepines and l- 2, 3-benzodiazepines, and the 
acid-catalysed reactions of 1-2, 3-benzodiazepines. 
The study of the thermolysis in aprotic media of 1-2, 3-. 
benzodiazepines revealed two modes of decomposition each pro-
ceeding by a 1, 5-sigmatropic hydrogen migration leading to 51-1-
diazepines or hydrocarbon products. From deuterium-labelling 
studies the hydrocarbon products were shown to have been derived 
from a carbene intermediate. A kinetic study of the thermolysis of 
two l-diazepines yielded values for the Arrhenius activation energy 
and for the thermodynamic parameters AG ° and AS. These 
values were compared with literature values for related compounds 
and evidence was produced for decomposition which involves a 
sigmatropic migration as the rate determining step. 
The acid-catalysed decompositions of 1H-2, 3-benzodiaz epines 
in benzene was carried out, and the formation of the hydrocarbon 
products is rationalised in terms of carbonium ions which could be 
trapped in ethanol leading to ethers. 
The solution phase thermolysis of 1, 2, 3, 3a-tetrahydro-10-
phenylbenzo[c]cyclopenta[f][1, Z]diazepine was followed by high 
pressure liquid chromatography (h. p.  1. c.) as well as being subject 
to a product study. The mechanism for the decomposition involves 
a diazo- intermediate which leads to one major product - 3-diphenyl-
methylenecyclopentene. Kinetic studies in hexadecane and benzo-
nitrile showed that the diazepine was the precursor to the products 
and that the isomerisation to 3-1 '-cyclopentenyl- 3-phenylindazole 
was merely an equilibration without the indazole leading to major 
products. Solvent effects and decomposition of the diazepine in 
the presence of tributylphosphine gave evidence against dipolar 
intermediates for the equilibration process, and suggested either 
a radical pathway or a concerted step. 
7 
The synthesis of a series of 3H-indazoles from the 
corresponding 3H-diazepines is described, and the structures of 
the indazoles was deduced from their proton and carbon-13 n. m. r. 
and mass spectral data. 
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I 	DIAZO COMPOUNDS 
(i) PREPARATION 
In 1883,Curtius prepared the first diazo compound, diazoacetic 
ester, by diazotisation of aminoacetic ester. The original procedure 
consisted of dissolving, in water, the ethyl ester of glycine, or its 
hydrochloride, and adding sodium nitrite, sulphuric acid and ether. 
On shaking, the diazo compound that formed dissolved in the ether 
layer, which was separated, dried and purified. 
Nowadays, the preferred preparation routes involve using starting 
materials in which the two nitrogen atoms are already bonded together. 
Some of these methods will now be discussed. 
(a) 	From N-Nitrosocomj 
The classical method of preparation of diazoalkanes involves 
treatment of a nitro socompound with a suitable base to yield the 
diazoalkane. Thus, diazomethane, the simplest member, can be 
prepared 2 by treating N-methyl-N-nitrosourethane (jJ with base. 
NO 
He-N' 	KOH > 
	CH 2N 2 + KHCO3 + EtOH 
CO 2 Et 
(1) 
Diazomethane is a toxic and potentially explosive yellow liquid, 
and as such is difficult to work with. A safer method of preparation, 
using a less carc Qgenic and more stable precursor, has been 
developed by DeBoer and Backer. 














p-CH3 C 6H4 SO2N(NO)CH 3 + ROH 	
KOH> 
CH2N2 + H20 + p-CH3C6F-14S03R 
From Hydrazones 
Disubstituted diazomethanes are generally more stable,and 
may be prepared by the method of Curtius 4 and Smith and Howard  
involving oxidation of a ketone hydrazone. Thus, diazodiphenyl-
methane (2) has been prepared and is found to be stable (see later) 
Ph2 C=NNH 2 + HgO 	> PhCN + H 2 0 + Hg 
(2) 
giving a red solution. 
Less stable diazo compounds, such as diazocamphene (i), have 
been prepared by this method. The usual red colour was seen but 
the compound was not isolated because decomposition occurred to 
give tricyclene (6) (see Scheme 1). 
From Arenesulphonylhydrazones 
One of the simplest and the most general preparation of diazo 
compounds, from ketone and aldehyde precursors, is by the base-
induced decomposition of arenesuiphonyihydrazones. Tosyihydrazones 
are easily prepared 7' 
8, 
 by the condensation of aldehydes or ketones 
with toluene- 4-sulphonylhydrazide. They can exist in two geometric 
forms 10 due to the nitrogen linkage, and one of these forrxis can 
react faster than the other, depending on steric factors. 
In 1959, Powell and Whiting U  showed that with an equivalent 
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• 	. 	SCHEME 3. 
I 
(Scheme 1) in dry aprotic solvent (acetamide, 	156 0 to 181 0 ). 
They further showed that the rate determining step was the initial 
breakdown to the diazo compound, followed by loss of nitrogen to 
give the carbene (5) which yielded tricyclene. This simple decom-
position of tosyihydrazone to diazo compound, and thence carbene, 
is complicated by the presence of protic solvent (Scheme 2) or 
excess base. 
Solvent effects were studied by Friedman and co-workers '2 '- 13 
who found that the yields of hydrocarbons obtained in protic solvents 
were smaller than under aprotic conditions. Other processes were 
possible, e. g. H+ capture prior to reaction by Wagner-Meerwein 
rearrangement, or attack by solvent (or solvent minus H+)  on the 
carbonium ion (leading to ethers in alcoholic media). In 'the base-
induced decomposition of methylpropanal tosylhydrazone (7) (Scheme 
3), the carbene-derived products were methylcyclopropane (8) and 
methylpropene (J ,  as found when using diethyl carbitol as solvent. 
However, when the decomposition was carried out in diethylene glycol, 
rearranged products, the butenes (10, 11, J) ,  were also formed. 
The overall yield of hydrocarbons decreased from 79% (under aprotic 









to sylhydrazone diethyl carbitol 
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In ethylene glycol-d, the m ethylc yc lopro pane was found to 
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contain zero, one and two deuterons, confirming the existence of 
the equilibrium between diazo and diazonium ion intermediates. 
This mechanism, also postulated by Shapiro and co-workers, 15 
involves an equilibrium between diazo compound (13) and diazonium 
ion (14) 	the formation of the diazonium ion being dependent on 
the presence of protic solvent. These two intermediates could then 
lose nitrogen to give carbene and carbonium ion respectively, and 
then react further to give the same products. 
An excess of strong base (usually two-fold) was used to prepare16' 17 
alkenes from tosyihydrazones containing a-hydrogen atoms; e. g. 
2-bornene (15) was produced from camphor tosylhydrazone. 
Friedman and co-workers, 
17 
 using butyl-lithium and the lithium salt 






went by quite a different route (Scheme 4),, to that discussed above, 
at these lower temperatures. Deuterium-labelling studies 16, 17 
indicated the presence of a carbanionic species - an alkenyl-metal 
intermediate (16). These intermediates were only formed in the 
low-temperature reactions, with very strong bases, and did not 
involve diazo compounds as intermediates. 
Later, Shapiro and Gadek, 18 using excess methyllithium, 
generated the carbanion (17) which was trapped with deuterium 



































Foster and Agosta. demonstrated the requirement for two 
moles of base in the formation of hydroxy-allenes (20) from cyclic 
tosyihydrazones (18) which have an a-oxygen atom in the ring and 
no protons between 0 and CN. Two mechanisms could be 
postulated (Scheme 6). Mechanism (a) involves attack on the N-
hydrogen followed by concomitant loss of -RO to give (19). The 
second attack by base removes the a-hydrogen which then leads to 
the formation of the hydroxy-allene. Mechanism (b) requires that 
it is the second attack by base that expels -RO. The experimental 
observation is that no reaction occurs after the addition of one mole 
of base, and reaction proceeds only after the addition of the second 
mole of base. 
The base-induced decomposition of tosylhydrazones is thus 
complicated and depends on many factors, 
20 
 including solvent, type 
and concentration of base, and structural factors on the substrate. 
(ii) STRUCTURE AND STABILITY 
Diazometh.ane is the first member of the class of diazo com-
pounds, and its structure can be represented as a resonance hybrid of 
the canonical forms shown below. 
	
H,C-N  	CN=N: EH,C-NtN: .. .. 	 , 	 --
.. 




The stability of other diazo compounds depends on the nature 
of the substituents, though if they are electron withdrawing or 
electron releasing there is an increase in stability. The canonical 
forms show why both types of substituent increase stability, and 
may show why there is a high electron density on the carbon as 
found by Firl and co-workers 21 using 3C n. m. r. spectroscopy. 
Non-conjugating substituents on the diazo-carbon hence decrease 
the stability if they are electron repelling. 22 
	
.iazodiphenyl- 
methane is stabilised whereas dia zo dic hlo rom ethane is less stable 
than diazomethane itself. 
15 
23 
A complete analysis of the vibrational spectra of CH 2N 2 
and CD N. was used to confirm the linear, planar structure with 
2 sp hybridised carbon, but indicated a non-planar structure (with 
sp3 hybridised carbon) only a few kilojoules higher in energy 
Diazo compounds are intermediates in the base-induced 
decomposition of tosylhydrazones and have been obtained at low 
temperatures as the primary products. These compounds have 
been known for many years and their reactions reviewed. 24, 25 
Broadly speaking,the reactions can be divided between those where 
nitrogen is lost and those in which nitrogen is retained. Nitrogen 
is lost by two routes: one leading to carbonium ions (already 
discussed), and, the other giving carbenes (to be discussed later). 
(iii) REACTIONS INVOLVING RETENTION OF NITROGEN 
(a) 	Intermolecular Cycloaddition 
Diazoalkanes have been known for many years to react with 
alkenes and alkynes to give cycloadducts. The pyrazolines (below) 
R'R' 	 H 
H 	R) 	RJ4 
+R;cN2 
were prepared by Oliveri-Mandala 
26
in 1910, but it was not until 
the early 1960s that diazoalkanes were recognised as members of 
a larger class of 1, 3-dipolar molecules which undergo cycloadditions. 
I-Iuisgen27' 
28 
 introduced the concept of these reactions, and also 
instigated a whole series of experiments which developed their 
synthetic potential. 
Some members of the group of 1, 3-dipoles are: 
diazoalkanes 	 R2 CN=N (-3 R 2 C-N=N 




+ - 	 + 
azides 	 N-N-R N=N-N--R 
Several common mechanistic features are observed for 1, 3-
dipolar cycloadditions: they are not greatly influenced as to the 
rate or stereochemistry by solvent polarity; they show low enthalpies 
of activation.(20 to 60 kJ mol), and large negative entropies of 
activation (-25 to -45 e.u.); they produce five-membered hetero-
cycles in which the stereochemistry of the reacting alkene (dipolaro-
phile) is retained; the reaction rates are markedly increased by 
conjugation of the reacting site of the dipolarophile, but reduced by 
steric effects of all.types of substituent. The reactivity of diazo-
alkanes is, however, reduced by conjugating substituents, which 
stabilise the diazoalkane, but increased by alkyl groups. 
The mechanism of cycloaddition has been under investigation in 
















The radical two-step mechanism, route (b), has been argued 
for by Firestone 29, 30 who claimed that the formation of mainly one 
isomer (either 21 or 22), where the dipolarophile can be either 
electron rich or electron poor, supports the possibility that one 
of the diradicals would be more stable than the other (hence an 
equilibrium between radical-pair molecules and reaction pairs). 








 on the other hand, proposed the concerted 3+2-*5 
cycloaddition, route (a), involving a cyclic transition state, claiming 
that the cis- stereospecificity of cycloadditions together with 
activation parameters supported the concerted pathway. Woodward 
and Hoffmann's 32 work on the conservation of orbital symmetry 
has supplied some theoretical basis for Huisgen's proposals. 
The third mechanism, route (c), involving an acyclic polar 
intermediate has recently been discussed after work by Huisgen
33 
and Steiner, 	Houk 
34 
 and Epiotis 35 on 2+2 cycloadditions. The 
only significant evidence for a 3+2 cycloaddition, proceeding via 
polar intermediates, was obtained by Overberger and co-worker's 36 
from reactions of - methoxyphenyldiazomethane with -methoxy-
styrene. The formation of cis- and trans-3, 5-bis -(a- anisyl)- 1- 















pyrazolines in roughly equal amounts was explained in terms of 
stabilisation of a dipolar intermediate (23) by the -methoxy group. 
This now allows rotation around the original styrene CC bond to 
give roughly equal amounts of cis- and trans- pyrazolines on collapse 
of the dipolar species. The formation of acis-disubstituted 
pyrazoline is without precedent in the reactions of aryl diazoalkanes 
and styrenes. In general,the lack of any clearly defined dependence 
of reaction rate on solvent polarity argues against mechanism (c). 27 
Further theoretical work by Houk 	' casts most light on the 
major problem of regiospecificity of the cycloaddition. Perturbation 
theory has been found to provide a powerful but simple method of 
understanding a variety of cycloadditions, so was used by Houk and 
co-workers as the key to the understanding of the regioselectivity 
in 1, 3-dipolar additions. The method involved the calculation of 
frontier orbital coefficients of various 1, 3-dipoles and dipolarophiles. 
The total charge on the atoms of 1, 3-dipoles was also calculated, 
and for diazomethane the following was found: 
	
-0.26 +O31 	-014 
H 2  	N 
	
I ilk 
This showed that the carbon atom is electron rich, as also found 
by 
13 
 C n.m. r. spectroscopy, and may be represented by the dipole 
structure (24), and overlap coefficients represented by (25). In 
H 2 C-NEEN 
(2 4) 
(/ 0 0/ 
C-N-N 
Lj o (2 5) 
(25) the larger the lobes then the greater is the overlap coefficient. 
Unsymmetrical dipolarophiles are found to have different frontier 
t4I] 
orbital coefficients for each end of the dipolarophile. So, when 
1, 3-dipoles and dipolarophiles are brought together, as in an 






Any reaction would proceed via that intermediate which has 
the greater stabilisation, and the stabilisation is greatest for the 
most overlap between the two pairs of lobes. Thus, it maybe 
seen that (26) has a better overall overlap than (27) where only 
parts of the larger lobes (visually speaking) are employed. 
The lobes can be further expressed in terms of energy levels 
of highest occupied molecular orbitals (HOMO) and lowest un- 
occupied molecular orbitals (LUMO ) of the 1, 3-dipoles and dipolar-
ophiles. Cyclisation would involve that HOMO and that LUMO 
(either of the molecular orbitals can be on the 1, 3-dipole or 
dipolarophile) which have the closest energy to each other. This 
may then be visualised in terms of overlapping lobes of near equal 
size. 
This method now requires that if and when cyclisation does 
proceed it does so in a concerted manner. 
Prinzbach and Martin 
39 
 have used the intramolecular cyclo-
addition in a novel route to diazepines, by reacting diazomethane 
with a cyclobutene (28). Thermal rearrangements expand the 
1 














(b) 	Intramolecular Cycloaddition 
Of more relevance to the work in this thesis is the case where tie 
diazo function and dipolarophile exist on the same molecule. Now, 
if cycloaddition occurs, an electrocyclic ring closure results in the 
formation of pyrazoles. 
In 1935, 3-diazopropene (30) was shown 40,41 to cyclise to 1H-
pyrazole (32), although Nirlinger and Acree 42 had obtained the 
'11 
+ - 






pyrazole twenty-five years previously without realising its identity. 
Ledwith and Parry43 reinvestigated the reaction and found that 
the rate of formation of 11-1-pyrazole was enhanced by light. This 
is not a feature of cycloaddition and they, therefore, postulated the 
3H-pyrazole (31) as the primary product which absorbed light in the 
conversion step to 1H-pyrazole. 
zz 
Brewbaker and Hart 
44 
 investigated the mechanism of pyrazole 
formation in such reactions by studying a series of alkyl and aryl 
substituted diazoalkenes (33). By allowing these compounds to stand 








in cyclohexene at room temperature they obtained good yields of 
1H-pyrazoles (34). It was found that a conjugating aryl substituent 
on the n-carbon of the diazoalkene increased the rate of cyclisation, 
but substitution of electron withdrawing or electron releasing groups 
in the phenyl ring had little further effect on the rate. A reduced 
rate for cyclisation was observed with a- or' n-methyl substitution, 
and greatly enhanced rate (13 x rate for parent) for methyl sub-
stitution on the diazo-carbon. This enhanced rate is simply 
explained in terms of the methyl group releasing electrons to 
reduce the stability of the diazo compound. These observations 
all support a concerted electrocyclic- type mechanism. 
The first report of the decomposition of sodium or lithium salts 
of a, n-unsaturated tosyihydrazones was that of Gloss, Gloss and 
of 
Bll45 working with compounds of the type (35). They found that a 
CH3 	R2
/__\_ 
















































methyl at position R 1 greatly increased the cyclopropene yield. 
A hydrogen at R 1 gave low yields (<5%) of cyclopropene, but, 
there was no report of the pyrazole yield for any of their reactions. 
The general mechanism is shown in Scheme 7. 
The intermediacy of the carbene.(37) was demonstrated if 
R 1 , R 2 and R 3 were all methyl, then 3, 4- dimethylpenta- 1, 3-diene 
(38) was found. The possibility of the cyclopropene being formed 
from the pyrazole was discounted because 3, 3, 5-trimethyl-3H-
pyrazole (39; R 1 = R., = CH 3)was stable under the reaction con-
ditions. As previously mentioned, the diazoalkene (36; R 1 = CH 3P 
R 2 or R3 = CH3) could be isolated at lower temperatures (70-90 0 ), 
and on thermolysis this diazoalkene gave cyclopropenes as before. 
The behaviour of diazoalkenes was thus found to be strongly 
dependent on the degree of substitution at the 3-position. The 
higher the degree of substitution then the slower is the cyclisation 
to pyrazole, and the faster is elimination of nitrogen to give 
hydrocarbons. 
The decomposition of a-methylstyryl phenyl ketone tosyl-
hydrazone sodium salt46' 49  in protic (ethanol) and aprotic (cyclo-
hexane) solvents is shown in Scheme 8. The products were 1H-
pyrazoles obtained from the tosylhydrazone saltsor from the 3H-
pyrazoles. (The rearrangements will be discussed later). No 
carbene-derived products were obtained, in contrast to Gloss and 
co-workers 
45
who found that bulky groups on the n-carbon resulted 
in higher yields of cyclopropenes. The difference in behaviour can 
be accounted for by the higher temperatures (160-220 0 ) used by 
Gloss, and also by the effect of phenyl groups stabilising the 
diazoalkene and so increasing the possibility of cyclisation. 
Extending the alkene chain by another alkene unit (either a 
normal double bond, or a benzene double bond) gives further possible 
reactions and products; e. g. an 85r electrocyclic process would now 
produce seven-membered rings. Thus,(40) can either (a) cyclise 











depending on the various substituents R 1 , R 2 and Ror (b) lose 
nitrogen. Thorogood, 46 Sharp and co-workers 48' 3, found tht 











aromatised to 3H-benzodiazepines (42), via the postulated 7H-
benzodiazepine (41),by a 1,5-hydrogen shift. 























R 2 and R 3 , and the nature of the substituent R 1 . Two points 
emerged from all their work. 
Thorogood49 found that a cyclohexane ring between R and 
R 2 (40b; R 1 R 2 = -(CH2) 4-, R3 = Ar) produced only a high yield 











Diazoalkene (40c; R 1 = Ph, R 2 R 3 .- (CH 2) 3-) is more 
stable than if R = H or CH 3 , and so has a larger activation energy 
for cyclisation. The preferred route is then loss of nitrogen to 
give carbene-derived products - the indene (44). With R 1 = Me, the 




diazoalkene (40d) gave both a 3H-pyrazole (45) and a diazepine (46), 
along with the corresponding indene (47) (Scheme 9). With R 1 = H 
the diazoalkene formed is more stable than (40d) but, since the 
transition state for cyclisation apparently cannot be achieved, a 
carbene route occurs giving complex products. These reactions 
now give a new and easy route to benzo-1, Z-diazepines. 51, 52 
The rationale behind the dual mechanism of diazepine and 
pyrazole formation is explained in terms of the distance between the 
reacting centres. Apparently, when the 1,S-double bond is 
aromatic, then 6 it cyclisation to give pyrazoles. is the preferred 
route unless inhibited by steric factors. Diazoalkene (48) with 'a 






readily forms pyrazoles, whereas diazoalkene (49) with a ga-p of 
0. 385 nm does not. 50 
The equilibrium between (48) and its corresponding pyrazole 
is strongly in favour of the diazoalkene, but a high yield of pyrazol,e 
can be obtained if there is a hydrogen, on the 3-carbon, which can 
migrate to give a stable 1H-pyrazole. This is analogous to the 
formation of the stable 3H-benzodiazepine by migration of one of 
the ring hydrogens (from the 7-position). In the absence of a 
hydrogen the competitive balance favours 8 ic -cyclisation. 



















which is intermediate in separation between that of (48) and (49). 
This would then explain the finding of both pyrazole and diazepine. 
As proof that a diazo compound was involved, hydrazones 
(50) could be extracted when the decompositions of tosyihydrazone 
sodium salts were carried out in the presence of tributyiphosphine. 53 






Compounds of the type (51) could cyclise to pyrazoles (52) 
(Scheme 10), but to regain aromatic stabilisation an aLkene migra-
tion is required. The other mode of cyclisation, an 8 ir process, 
would in the first instance lead to the 4H-benzodiazepine (53) which 
then yields the 1H-benzodiazepine (54) by a 1, 5-hydrogen migration. 
Diazepine formation may be preferred because intermediate (53) 
is more stable than (52) owing to its more extended conjugation or, 
since the ring closure step is a priori reversible, it may be that 
it is the relative ease of the subsequent rearomatising rearrange- 
ment which controls product formation. 1, 5-Sigmatropic hydrogen 
shifts as in (53)-(54) are known to be much more facile than 
analogous vinyl group migrations such as would be required to 
rearomatise (52). It is also known 54 that 1, 5-vinyl shifts in 3H-
pyrazoles always take place to the adjacent carbon and not to 
nitrogen; such a rearrangement would not rearomatise the pyrazole 
(52), therefore the observation of only diazepine formation is not 
surprising. 
Sharp, Reid, Thorogood, and Sood55' 
56 
 have used this system 
51 
to prepare 1H-2, 3-benzodiazepines. 
	




diazepine (54) (R 1 = Ph, R Z  = H, R 3 = Me) has been confirmed 
absolutely by X-ray crystallography. 
System (55) has just recently been looked at in our laboratories, 57 
though the preparation of diazepine (56), by a different route, has 
been reported. 58 
• 	Me 
\- 
Me 	• • 	R1 







CH3 	 CH3 
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CH3 	 CH3 
CH 3 	CH 3 
NC—C—N N—C—CN (57) 



















U 	AZO COMPOUNDS 
(i) THERMAL REACTIONS OF ACYCLIC AZO COMPOUNDS 
Azo compounds have been known for many years, and the 
importance of aromatic azo compounds derives from their use in 
industry as dyestuffs. Their properties have been well charac-
terised 9 and alkyl azo compounds are found to be convenient 
sources of radicals by thermolysis or photolysis, e. g. 2, 2_ 
azobisisobutyronitrile (AIBN) (57) decomposes thermally 
(Scheme opposite). 
Two mechanisms for the production of free radicals and 
nitrogen from azo compounds have been discussed over the years: 
R - N = N - R' —k. R 
R - N = N - R' —* R 
N=N-R' 	ibp  
N 2 	R' 	 -. (A) 
= N - R 
N2 	Rt 	 - (B) 
Mechanism (A) requires simultaneous breaking of both 
carbon-nitrogen bonds to give three fragments in the rate deter-
mining step. In mechanism (B) there is a two-step bond cleavage 
with only one of the carbon-nitrogen bonds breaking in the rate 
determining step. Current opinion is that mechanism (A) applies 
to symmetric azo compounds and mechanism (B) to unsymmetric 
compounds, in which the direction of primary radical production 
mainly depends on the strength of the carbon-nitrogen bond (and 
also on the stability of the free radicals so produced). It would 
then be logical to propose that the nearer the azo compound is to 
symmetrical then the shorter is the time interval between the first 
and second bonds cleaving. 
Cohen and Wang, 
61 
 and Overberger and Diuilo62  have 
30 
discussed the two mechanisms and concluded that for some benzyl-
type diimides there was simultaneous cleavage. From a study of 
the activation energies 
61 
 of compounds of type (58) to (61) there was 
Ph-N=N-CH Ph2 	(5 8) 
Ph-N=N--C Ph 3 	(59) 
H 	 H 
Ph- C-NN-C-Ph 	(60) 
I I 
CH3 	CH3 




an activation energy decrease of 17kJ.mol ' each time a phenyl 
group replaced a methyl group, or 25kJ. mol 
1 
 each time a phenyl 
group replaced the hydrogen on the a-carbons of diimides. The 
effect was found to be additive as for (60) and (61) which had twice 
the decrease in activation energy of one phenyl replacement, thus 
supporting a two-bond rupture. 
The increase in the rate of decomposition 
62
of (60) was 37-fold 
over (62). If one-bond scission was the rate determining step for 
H 	 H 
Ph- C-N=N-C-CH 3 	(62) 
I I 
CH 3 	CH3 
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(60) then the increase in rate would be only of the statistical order 
of two. Overberger therefore concluded that both radicals assisted 
or participated in the rate determining step where a phenyl group 
would stabilise the radical formed. 
Seltzer and Dunne 63' 64, 65 studied the secondary deuterium 
isotope effect in the decomposition of various azo compounds 
similar to (60) and (62). For the deutero- compound (60a) the rate 
0 	 0 
I I 
Ph— C—NN----C----Ph 	(60a) 
I 	I 
CH3 CH 3 
of reaction was found to be decreased by a ratio of 1. 0 : 1. 27 
from the rate for (60). This kinetic isotope effect was roughly 
twice the mean effect observed for a series of obviously one-bond 
62 
scission decompositions, 	and supported the participation of both 
deuterium atoms in the rate determining step. 
CH 3 	 CH3 
Ph—C—NN—CY3 rd. 	 Ph—C' + NN—CY3 
I 	 I 
X x 	Ifast. 
(64) 
x  
(63) 	H H 
D H 	
k63,/k63a = 113 
H o k63/k63b = 097 
32 
The above results 
65 
 show that the presence of deuterium on 
the methyl group (63b) has little effect on the rate of decomposition, 
whereas deuterium at the X-position decreased the rate by the 
factor previously mentioned for a one-bond scission process. These 
isotope effects confirm that the rate determining step is the initial 
breakdown to give a 1-phenylethyl radical (64) and this is followed 
by fast loss of nitrogen to give a methyl radical.
66 
Changing the solvent viscosity was found to affect the rate 
of reaction; a decrease in rate accompanying an increase in
67 
viscosity. 	If more than one bond breaks then the rate constant 
will be independent of viscosity since little cage return would be 
possible because a cage would not be large enough to confine more 
than two radicals. An increase in viscosity would increase the 
cage return process for a one-bond scission by' restricting the 
diffusion processes. This concept of viscosity change was modified 
by Neuman and co-workers 
8 
 who applied pressure (1-3, 800 atm) 
to their solutions. Measurement of activation volumes suggested 
a one-bond rupture with some cage return for arylazotriphenyl-
methanes. 
	
ArNN-CPh 3 ± Ar-N=N 	- Ar-NN CPh 3 
The activation volume is given in the equation 
alnk  
- 	PT 
where 	k = rate of decomposition 
P = pressure 
* 
= activation volume 
For single-step reactions a decrease in rate with an increase 








positive values (+21 units) were recorded for arylazotriphenyl-
methanes. 
In competition with radical formation is a 1, 3-migration of 
hydrogen to nitrogen, but this does not have the interest of the 
C—N—N—  
H 	 H 
homolytic fission reactions, nor the ease of nitrogen loss due to the 
low carbon-nitrogen bond energy and relatively unstable azo group. 
(ii) THERMAL REACTIONS OF CYCLIC AZO COMPOUNDS. 
Cyclic azo compounds of various sizes have been prepared and 
decomposed either thermally or photo chemically. The smallest 
69 
ring size is the4iati:t'pQ ring 	and the largest rings studied have 
contained 24 and 28 members. 70 
Enthalpy data from decompositions of cyclic azo compounds 
show59 that the larger rings decompose at a slower rate than 
smaller ones unless steric or electronic factors participate. 
Dim ethyI8i*nE has an activation energy of 140kJ. mol 1 and 4,4- 
dimethylpyrazoline (Ea = 180kJ. mo1) thermally decomposes at 
a greatly reduced rate. 
The rates of decomposition are particularly dependent on the 
nature of substitution at both carbons adjacent to the diazo- linkage. 
With phenyl groups at both positions of the six- and seven-membered 
cyclic azo compounds, (65) and (66) (Ea = l20kJ.mol 1 ) were 
found to produce biradicals up to 100 times as fast 71, 72 as their 
acyclic analogues. 	An inherent instability of the cis-linkage has 
been suggested 
71 
 for these six- and seven-membered rings. 
Increasing further the ring size of these a-phenyl compounds 
produces an anomaly in reactivity. 3, 8-Diphenylhexahydrodiazocine 
34 
(67) was found 
 74 
 to decompose (Ea = 150kJ.mol 1 ) at 1/180th 
of the rate of the corresponding acyclic compound. The explana-
tion for the stability, or, rather lack of reactivity of the diazocine 
is that the phenyl groups can no longer become co-planar with the 
azo group in the transition state to stabilise the intermediate. The 
six- and seven-membered heterocycles with a-aryl groups can of 
course achieve the required stereochemistry for conjugation of 
the aryl groups with the developing radical centres. 
Again, there has been activity as to whether the rate 
determining step involves one- or two-bond scission to produce 
radical or diazo-intermediates. 
Liu and Toriyaiia6 proposed a diradical intemediate (69) 
from their work on a series of 3-aryl-3-006rôdzirines (68). 
They found little solvent effect on the rate of decomposition, and 
Ct 	N 	CE 	 CL ~ 
	
C' J I > 	_-6- N=N 	C-NN 






for this reason the polarised zwitterion (70) was thought to be the 
minor contributing form in the transition state. The energy 
difference between the diradical and diazo compound would be 
expected to be enormous, and in favour of the diazoalkane which 
could be formed by an electrocyclic ring opening process. The 
products were derived from the carbene proposed to have been 
obtained by nitrogen loss from (69); e. g. a bicyclo[4,1.0]heptane 
was extracted when the reaction was carried out in cyclohexene. 
The decomposition of larger cyclic azo comp ounds can be 
broadly divided into those where radical or those where diazo- 
intermediates are proposed. However, this division is not clear 
cut, as can be seen for the diQthiAe system, and in some cases both 
35 
processes are in competition to yield the products. 
The types of azo compounds leading to diazo compounds, and 














The pyrazoles (71) or indazoles, apart from migrations of the 
R-groups (discussed under rearrangements) can ring-open by a 
reversible 6 71 process. Generally the pyrazoles are thermally 
stable to decomposition, though photochemic ally pyrazoles have 
been shown to give diazo compounds, observed by a transient colour, 
which then decomposed via carbene pathways: 75 e.g. 3, 3, 5-  
trim ethyl- 3H-pyrazole (73) goes via the diazoalkene (74) to yield 

































Indazole decompositions have been studied by Crow and 
Paddon-Row 6 who found that 3-methyl-1H-indazole (76) decom-
posed (gas phase: 6300,  800° ) mainly by a radical pathway with 
carbene- derived products forming the minor yield (Scheme 11). 
These workers had shown 
77 
 that the methyl group traps carbene 
and radical efficiently (94% and 91% respectively) intramolecularly 
at high temperatures (630 0 , 7200). Deuterium-labelling studies 
on 3-methyl-1H-indazole-1-d (76a) have sho\vn that deuterium 
mainly undergoes a 1, 3-shift to give the 3H-indazole (77) (rather 
than a 1, 5-shift to give (79) and electrocyclic ring-opening), which 
then loses nitrogen to give the diradical and thence styrene- a-d 
(78) (rather than styrene-2-d (80)). 
Pyrazolines of the type (72)show a dual mechanism of 
decomposition by diradical and carbene routes. Bergman, White 
and Conduit 
78 
 thermolysed the bicyclic azo compound (81) in the 
gas phase and obtained six products. On direct photolysis in 
EQ > 	+ LI> + 





























pentane solution the yield of bicyclopentane (84) increased, and 
further increased in photosensitised decomposition. This 
obviously suggested a biradical (86) as an intermediate. Alkenes 
(82) and (83) can be visualised as coming from the carbene (85) 
(Scheme 12). However, there is a possibility of a diradical/carbene 
rearrangement to the cyclopropyl diradical (87). To test this, 
Bergman prepared the carbene (85) by a different route and obtained 
(82) and (83), but not bicyclopentane, showing that (86) is not in 
equilibrium with another diradical (87) which could give pent- 1, 4- 
di en e. 
As a competition between carbene and radical routes, Bergman 
and Keppel studied the thermolytic decomposition (278 0 ) of the
71 
disubstituted pyrazoles (88) and (89). As shown in Scheme 13 the 
doubly-labelled systems would be able to differentiate between the 
two mechanisms. The diene obtained proved to be (90) with less 
than 0. 1% of (91), while the starting compounds yielded less than 
1% of the crossed bicyclopentanes. Formation of the cyclopropyl-
butene (92) gave additional evidence for the intermediacy of a 
carbene, as did the fact that the same yields of (90) and (92) were 
formed from (88) and (89): i. e. a common intermediate must be 
present. On increasing the temperature (278-378 ° ) of decom- 
position, the percentage of diradical- derived products was increased, 
whilst carbene- derived products were decreased. 
For simple pyrazolines, Crawford and Mishra 8° favour a 
diradical mechanism. In the gas phase 4-methylpyrazoline (93) 
CH 




(9 	R= H 






k 1 - 
N- 
38 
gave two products - a cyclopropane (94) and a propene (95). 
With 4 -rnethylpyrazoline-4- d (93a) the percentage of cyclopropane 
increased from 52% to 66%.  A scheme whereby alkene and 
cyclopropene formed by different routes was discounted because 
it would require a deuterium isotope effect of 0.84 for cyclopropane 
formation. Crawford and Mishra considered this to be most un-
likely. An intermediate of type (96) has also been discounted since 
(96) 
(9 . 7) 	 (96) 
no exchange between (97) and (98) was detected under the experi-
mental conditions. A third mechanism in which one intermediate 
accounted for both products was thus favoured. k 1 And k 3 are 
k2 	11 
intermediate 
çL4 	C 14 
(800/a) 
39 
unlikely to be affected very much by the presence of deuterium, 
whereas the migration of deuterium would reduce the rate of k 2 
(as is found). The kinetic isotope effect for formation of methyl-
propene was calculated to be 1. 8 to 1. 9 which was proposed to be 
indicative of deuterium atom migration. 
Overberger and Anselrne 8' also proposed a diradical 
mechanism in their study of the decomposition of 3, 5-diphenyl-
pyrazoline. The thermal and photochemical decomposition was 
stereo specific and produced trans-1, 2- diphenylcyclopropane. A 
free radical was observed by e. s. r. during the photolysis but 
there was no evidence for a triplet state. 
Phenyl radicals were postulated 82, for the molecular nitrogen 





Here, the intermediate is stabilised, whereas a carbene would 
destroy the aromatic stabilisation. As previously mentioned, the 
higher temperature (700 0 for this reaction) would be more likely 
to lead to diradical rather than carbene pathways. 
Apart from the two mechanisms already discussed a third 
route may be introduced. The work of Allred and co-workers 83 
has shown symmetry allowed concerted nitrogen elimination from 
exo-6, 7-diazotricyclo[3. 2. 2. 0]non-6-ene (100). The large 
negative L S term for (100) when compared to the positive 
value for AS*  for (101) suggested the difference in mechanism 




(100) S*=  -21e.u. 
(101) 	AS1O•5 e. u. 
Neuman and Ertley 84 again carried out pressue studies 
(1-5, 000 atm) on cyclic azo compounds. For a symmetrical 
diazine (102) they concluded that a simultaneous scission of three 
600> 
P h 	 P h + H 
fl H 
N—=N 	0  Ph 	fah 
(102) 
+ Ptl__\C>.__Ph + 
other 
isomers 
bonds had occurred to give styrene and nitrogen, and two-bond 
rupture to give cis- and trans-1, 2-diphenylcyclobutane. The 
pressure effects observed were an increase in the cis/trans ratio 
from 2. 5 (1 atm) to 4. 8 (5k atm), an increase in the hydrazone 
percentage of the total products, and an overall decrease in the 
rate of decomposition. The increasing cisjtrans ratio is con-
sistent with the cis-diradical ring closure and/or retardation of 
the isomerisation to the trans-isomer. 
(ba) R3 H 
(104) 
41 
(iii) REARRANGEMENTS OF CYCLIC AZO COMPOUNDS 
Van Alphen85 studied the acid-catalysed rearrangements of 
a series of 3H-pyrazoles and found 1H-pyrazoles as products. 
R2 R1 	
RJ 





3 	R4  
R CK lO5)  
The migrations of R-groups could go several ways, depending 
on the nature of the substituents: e. g. 3, 3, 5-trisubstituted 3H-
pyrazoles (103; R 3 = H) produced the N-H-pyrazole (105) by a 
hydrogen migration. 8 
Ht 	
87
ttel and co-workers found agreement with the work of 
van Alphen, and also carried out thermal rearrangements of 3H-
pyrazoles in the absence of acid. Thermolysis of (106) yielded 
(107) (route b 
2 










MeO2C 	 H 
Jacquier and co-workers 
 88 
 have prepared a 4H-pyrazole (109) 








further concluded that the route (a) rearrangement may be possible. 
They have suggested that the previous evidence of van Aiphen and 
it 
Hitte1 for migration to nitrogen has been wrongly interpreted and 
the compounds involved should have been classed as 4H-pyrazoles 
which will be stable if R 3 = alkyl or aryl (e. g. (104) and (109)). 
Working on thermal rearrangements of indazoles Shechter, 
Yamazaki and Baum 
 89 
 have found during the preparation of 1-acyl-
1H-indazoles (112) (from azibenzil and benzyne), that the initial 
Rjl~—o 	 RI 	NO2 
NO  
(110) 	 (111) 







\-f _J h 
SCHEME '14. 
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3H-indazole (110) rearranged by 1, 5-sigmatropic migrations. 32,90 
A dissociation-recombination process (van Alphen-H1ttel rearrange-
ment) was required to account for the increase in rate with increase 
in solvent.polarity, ruling out a radical process. A 2}-I-indazole 
(111) could be recovered during photolysis if R 1 -R 2 (C=CH2) 3 , 
1. e. starting with a 3, 3-spiroindazole. 91 
Migratory aptitudes of different groups in the indazole system 
can be measured, but there are usually complications arising 
from nitrogen loss leading to carbene and/or radical-derived 
products; e. g. 3-benzyl-3-cyanoindazole thermally (230 0 ) re- 
arranges by cyano migration to the 1-position, but four azo-nitrogen-
free products were also detected 92 (Scheme 14). 
Following the work of Jacquier and co-workers, and the use of 
improved analytical techniques, the thermal rearrangement of 
pyrazoles is believed to go mainly via route (b) and very few 
reactions have been reported where the initial migration is to 
nitrogen (route a). Rearrangements are found to occur at lower ' 
temperatures than those where nitrogen is lost, but if migrations 
cannot take place then reactions involving nitrogen loss are found. 
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Carbenes have been extensively reviewed ' ' 	in terms 
of their structure and reactions. The most general route to 
carbenes is by the photolysis or thermolysis of diazoalkanes in 
aprotic solvents (see earlier). These carbenes can then undergo 
any or all of the following reactions: insertion mainly into C-H 
bonds, cycloaddition, rearrangement, or reaction with diazoalkane 
to give an azine. 
Other general routes to 'carbenes' are by strong base decom-
position of dihalo compounds (o rganometallic routes), thermal 
decomposition of diazo compounds using metal or metal chelates, 
photolysis of small ring compounds, e. g. oxiranes 96 and pyrazoles, 75 
and therrnolysis of cyclopropenes. 97 
The difficulty of rationalisation of carbene reactions is in 
knowing whether a free carbene intermediate is present or whether 
the intermediate is complexed toa metal ion giving carbenoid 
reactions. Carbenoid species tend to give similar reactions to 
carbenes, but in some cases anomalous reactions are observed 
which cannot be explained in terms of a free carbene. This tin-
certainty of identity had recently been resolved on a general scale 
by Moss and co-workers 
98
who have used 18-crown-6 to complex 
with the potassium ion of strong bases used in the generation of 
carbene/carbenoid intermediates. Carbenes were prepared by two 
routes: (a) strong base decomposition of a dihalo substrate in the 
absence and in the presence of 18-crown-6, (b) photolytic decom-
position of the corresponding diazo compound. The relative rates 
of their reaction with various simple alkenes were compared and 
the results shown opposite. 
The results show that in (i) the rate of reaction of the two 
Ica rbenes t is different. In (ii) it is seen that the introduction of 






LJThIT  exo 
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amount as observed in (i) for the two methods. In the absence of 
18-crown-6 the fluoro-carbenoid reacts faster than the bromo-
carbenoid so it is expected that fluoro-carbene (18-crown-6 present) 
reacts faster than the photochemically produced bromo-carbene. 
Section (iii) shows that the rate of reaction of the thio-carbene is 
independent of 18-crown-6, implying the formation of free carbene. 
Another series of experiments aimed at differentiating between 
carbene and carbenoid intermediates was carried out by Hill, 
99
who 
showed that carbenes derived from organometallic routes were 
carbenoid species 
100 
 giving a higher endo/exo ratio for the products 
(114) obtained from (113). The carbenoid-derived products have 
(113) 	 (114) 
organometattic routes 	 Dendy#1 exo 
c-05H9Li 	+ CH2CL2 	 18 
c-05H9MgCL + CH2CL2 	 36 
c.C5H9CH2Ct + Na 	 20 
the endo:exo ratio greater than the free carbene ratio of 0.67 
because in the intermediate the solvated electron-deficient-metal 
would be bulkiest group and be exo to the ring, and deuterium 
would be endo, and thus this D 	stereochemistry is retained. 
endo 	
101 
Hammond, Kopecky and LeermaIers 	have shown that 
thermal decompositions of diazomethane using copper powder or 
a ferric.chelate, Fe (DPM) 3 , did not give a free carbene. They 
found a species that added to but-2-ene giving only cyclopropanes, 
46 
and postulated that a triplet methylene in a charge transfer 
complex with the metal chelate would give the stereospecific -addi-
tion. 
(ii) STRUCTURE 
Addition reactions of carbene with alkenes were found to be 
either stereospecific or non-stereo specific, and the change in mode 
of cyclisation corresponded to concerted 
102 
 or non-concerted 103 
processes, respectively, for the singlet or triplet carbene. 
The non-bonding electrons of the carbene can either have 
their spins anti-parallel (singlet state) or parallel (triplet state). 
Most carbenes have a bent triplet ground state, but'some, for 





The theoretical treatment of intramolecular carbene 
insertion has been discussed by Skell '°4 and Hoffmann and co- 
15,10 
workers. 	 Hoffmann used extended Huckel calculations 
to show that an abstraction pathway has the lowest energy, re-
quiring substantial C-C bonding before hydrogen migrates from 
the ø-bond to the carbene a-orbital. Two types of intermediate 
are envisaged which show slightly different directions of approach 
of singlet carbene. 















Most carbenes are electrophilic in nature, adding to double-
bonds via the 7r -bond of the alkene and vacant orbitals of the 
carbene, though recent evidence points to some of nucleophilic 
character. 
107 
 For the reaction of (115) with p-substituted 
styrenes, a plot of log (b/kH)  against a gave a Hammett 
+ 	Ar 
(115) 	 A  
e value of +1. 05. For electrophilic carbenes < 0: 
o 108 
e. g. dichiorocarbene 	= -0. 62 (80 ), 	carbethoxycarbene 
e = - 0. 38 (1290). 109  The explanation for the nucleophilicity is 
that the 'perturbed' carbene has its two electrons in the sp 2 
orbital in the plane of the molecule, allowing 4n+2 electrons to 
give aromatic stability to the remainder of the ring. Now, for an 
electrophilic reaction to proceed the vacant a-orbital would have 
to be used, and hence the t -system would be disturbed. 
A singlet carbene has been, shown to operate in migrations of 
48 
anisyl and phenyl groups to the electron deficient centre. 
Zimmerman and Munch 
110 
 showed that anisyl migrates to electro-
philic carbene in preference to phenyl, and argued that the carbene 
is not a cation whence a very much larger difference in aptitude 
would be observed. 
A various solvents Ar 3 C CHN 	Ar 2C = CHAr 




1.85 	 xylene 	80 
Z. 15 benzene 	80 
1.5 
	
THF 	 65 
2.5 	 THF/LiC1 	65 
The decomposition of the diazo compound by lithium chloride 
in THF gave a higher preference for anisyl migration suggesting 
carbenoid intermediacy. The decomposition of the suiphone (116) 
Ar 
MeO- 	 2 502 	(116) 
by phenyl-lithium or phenylsodium gave a reduced anisyl migratory 
preference of 0. 8, suggesting the presence of an electron-rich 
centre in the intermediate which does not favour migration of the 
positive-charge-stabilising anisyl group. 
Photochemical production of carbenes in solution gives rise 
to triplet and singlet carbenes " depending on the structure of the 
substrate. Hammond and co_workersUZ  have prepared a triplet 
ketocarbene, from diazoacetophenone, which added in a non-stereo-






















ventional way of producing triplet carbene reactions is by using 
benzophenone sensitiser which transfers its energy to diazoalkanes 
to produce triplet carbene and singlet nitrogen. The alternative, 
triplet nitrogen and singlet carbene,is energetically very unfavourable 
113 
for the triplet nitrogen. Jones and Ando 	found that intramolecular 
(singlet carbene) reactions could be suppressed by triplet sensitisers 
in favour of the less common intermolecular (triplet carbene) ones 
with but-2-ene. Again, as Hammond found, the same mixture was 
obtained whether 	or trans-butene was employed. In the 
unsensitised case no adduct was formed. 
When the alkene site for attack by carbene is hindered 
alternative reactions would be expected to occur. Jones, Hendrick 
and Baron 
114 
 have demonstrated this with diphenyl carbene and a 
series of alkenes (Scheme 15). The formation of the but- 1-enes 
was explained in terms of allylic radicals being formed by reaction 
of triplet carbene on the double bond. The triplet carbene being 
formed by non-productive collisions of singlet carbene. 
Up until now carbenes have been considered as having both 
electrons on one carbon atom without having any rearrangement to 
diradicals to account for some products. The idea of rearrangement 
to a diradical has been disussed but no convincing evidence has been 
reported. Generally, if carbene and diradical mechanisms are 
required to account for the products then different precursors are 
required to lead to carbene and diradical pathways, e. g. the 
indazole thermolysis of Crow and Paddon-Row 76 (Scheme 11). 
In their review of their own work of the previous four years, 
115  
W. M. Jones and co-workers 	have discounted the possibility of 
diradical formation 
116 








 have also argued against the diradical 
mechanism of Harrison and Lossing, 
116 





(117) D < R-d 
	
R) 
Another scheme involving a bicyclic cothpound of type (118)119 
has been argued against by Jones 
115 
 and Wentrup. 
120
In the 
fluorene product (117) the R—group was only found at the position 
shown and none at the adjacent one if the bicyclic compound p Mrtlith'â to 
scramble the label. 
119 






Wentrup 12° has drawn up an energy profile for the C 
7 H 6 
 mole-
cules, and suggested that if (118) is formed then one would expect 
the bicyclic compound (119) to be formed by an easy hydrogen 
(119) (115) 
migration, but this is not seen. Therefore,the cycloheptatrienyl-
carbene (115) should be expected to form directly. 
(iii) REARRANGEMENTS OF CARBENES 
As has been previously mentioned, carbenes can react by 
various mechanisms: abstraction, addition, insertion (either 
intra- or inter-molecularly). This section deals with the most 
relevant reaction to this thesis, namely, intramolecular insertion 
reactions, i. e. migrations to a carbene centre. 
It has long since been known that diazotriphenyl ethane (120) 
under thermal (or acid) conditions rearranges to triphenylethene. 121 
Ph3C 	 Ph 
N N 
(120) 	 Ph 	Ph 
The aptitude of ease of migration has often been studied 
and the following order obtained by Philips and Keating. 122 
v-'\ 
52 
H ) A 	) Methyl 
A typical example is shown. 
PhC(CH3)2CHN2 600 
	
Ph shift 50% 
Me shift 	90/0 
cyclisation 41°/s 
Philips and Keating have suggested that a ratioof 50 x 2/9 for 
Ph/Me shift is indicative of a carbene acting as an electrophilic 
species. A ratio of 3, 000-300:1 would be expected for carbonium 
ion rearrangement. 
Moritani and co-workers 124, 125 working on competition between 
phenyl and hydrogen migrations, and by deuterium-labelling have 
shown that in a-carbeBatoluene- a, a-d 2 there is only deuterium 
migration to give styrene- a, -d 2 (121). A phenyl shift to styrene-
I, f3-d 2 was not detected by H n. m. r. analysis of the styrene. 
PhCD2CHN2 	PhCD2CH: 	SD 
If the n-hydrogen is replaced by a phenyl group, there is the 
possibility of cis- or trans-stilbene being formed. The ratio of 
trans/cis was found to be 13, as opposed to 2 from a purely 
cationic route when the decomposition was carried out in ethylene 
glycol instead of diglyme (aprotic solvent). 


















similar to a diradical in that the odd electrons are in different 
orbitals and so migration only occurs to singlet. carbene (free 
radical migrations are rare 126). The stereochemistry of the 
products is explained in terms of electrostatic repulsions and 
attractions. If R 1 is alkyl or aryl then attraction of the lone 
pair with R 2 (coupled with repulsion between R 1 and R 2) 
 
i. 







(122) 	 (123) 
would give the trans-isomer (122) . . If R 2 . is ester, the repulsion 
between the. lone pair of carbene and the carbonyl oxygen would 
dominate to give the cis-isomer (123). 
In ring systems there is the possibility of transannular 
rearrangements. Friedman and Shechter 127 have found stereo-
specific reactions in medium-sized rings (Scheme 16). In all the 
bicyclic hydrocarbons, the bridgehead hydrogens have a cis-arrange-
ment showing retention of configuration. No 1,4-insertion products 
were formed, probably due to incorrect stereochemistry. 
54 
EXPERIMENTAL:- A TECHNIQUES AND PREPARATIONS 
Page No 
SYMBOLS AND ABBREVIATIONS 
	
57 
INSTRUMENTATION AND TECHNIQUES 
	
58 
PREPARATION OF STARTING MATERIALS 
1 	2-Bromobenzyl bromide 
	
61 






4 	2-Formyl- trans --stilbene 
	
61 
5 	2-Cyano -trans -stilbene 
	
62 
6 	2-Acetyl- trans -stilbene 
	
62 
7(1) 	2-Phenylac etyl -trans - stub ene 
	
62 
(ii) 	2-Phenyl[ a, a- 2H 2lac etyl- trans - stilbene 
	
62 






10 	{O- 2HJM ethanol 
	
63 













2 	1, 1'-Azino-(l, it-diphenylethane) 
	
65 
3 	1, 1 1 -Azo-0, 1'-dichloro-1, lt-diphenylethane) 
	
65 
4 	3-Methyl- 2-phenylindene 
	
65 
5. 	i-Methyl- 2-phenylindane 
	
65 
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SYMBOLS AND ABBREVIATIONS 
The symbols used in this thesis are those in common usage, 
and other abbreviations occasionally used will be obvious from 
their context. In addition the following will be used: 
R  ratio of distance moved by the substance to the 
distance moved by the solvent front, 
t  retention time, 
gc-ms gas-liquid chromatography coupled to high 
resolution mass spectrometry, 
m/e mass to charge ratio, 
P parent ion, 
eV electron volts, 
leVms low energy mass spectrometry, 
* 
m metastable ion, 
r.a. relative abundance, 
J spin-spin coupling constant, in Hz, 
bs, bd broad singlet, broad doublet, 
s,d,t,q,m singlet, 	doublet, 	triplet, quartet, multiplet, 
delta, in p. p. m. from tetram ethyl s ilan e (S 	0), 
v variable, 
Vmax frequency for infra red spectrum. 
INSTRUMENTATION AND TECHNIQUE 
Gas- Liquid Chromatography (g. 1. c.) 
Experimentation was carried out on either a Pye Series 104 
chromatograph, using 4 mm x 1. 5 m packed columns, or a 
Perkin-Elmer F. 11 chromatograph, using 2. 2 mm x 2.0 m packed 
columns. Both chrornatographs used a flame ionisation detector 
and nitrogen as the carrier gas. The following stationary phases, 
supported on AW-DMCS Chromosorb G 80-100 mesh or Celite 
100-200 mesh, were employed: neopentylglycol succinate (NPGS), 
silicone elastomer (SE30, SE52), silicone oil (OVl, 0V17), and 
Apiezon-L grease (APL). Integration was by a Hewlett-Packard 
3373B electronic integrator,, or height x width at half height, or 
height x retention time. 
Thin Layer Chromatography (t. 1. c.) 
Chr6matograms were obtained on 0. 33 mm or 1. 0 mm 
(preparative) layers of alumina (Merck, Aluminium oxide G) or 
silica gel (Merck, Kiesegi. gel G). Detection of components was 
by their fluorescence in ultraviolet light or by blacking of the 
fluorescein impregnated plates in ultraviolet light. 
Column Chromatography 
Silica was Fisons silica gel for chromatography, 80-100 mesh. 
Alumina was supplied by Laporte, 100-200 mesh (Brockman activity 
= I), and treated with 6% water (Brockman activity = III) for dry 
column chromatography. Nylon tubing was supplied by Walter Coles 
and Co. Ltd. London. 
High Pressure Liquid Chromatography (h. p.  1. c.) 
Two systems were used: 
(i) a Cecil Instruments CE 212 ultraviolet detector (fixed at 254 nm) 
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operating with a Jobling 711 pulse dampened pressure pump, 
(ii) a Jobling LD1 205 ultraviolet absorbance detector (254 nm) 
operating with a constant pressure pump LC750 supplied by Applied 
Research Laboratories. 
Steel columns (3 mm x 150 mm, 3 mm x 250 mm) packed with 
Phase sep Spherisorb alumina or silica of particle diameter 7 im 
or 5 p.m were employed. Integration was by a Spectra-Physics 
Minigrator electronic integrator. 
Nuclear Magnetic Resonance 
Proton magnetic resonance ( 
1 
 H n. m. r.) spectra were run on 
a Varian EM360 spectrometer, operating at 60MHz. When high 
resolution or decoupling was required a Varian HA100 spectrometer, 
operated by Mr. J. R. A. Miller, was used. Carbon-13 magnetic 
resonance (130  n. m. r.) spectra were obtained using a Varian 
XL100 spectrometer, operated by Dr. A. S. F. Boyd. 
Chemical shifts in proton spectra were recorded in delta (6) 
values, and in 13c spectra as parts per million (ppm), relative 
to the internal reference, tetramethylsilane (TMS) in all cases. 
All samples were dissolved in [ 2H]chloroform, unless otherwise 
stated. 
Mass Spectrometry (m. s.) 
Mass spectra were obtained using an Associated Electrical 
Industries MS902 spectrometer, operated by Mr. D. J. A. Thomas, 
or using an A. E. I. MSZO spectrometer coupled to a Pye Series 104 
gas chromatograph (needing helium as carrier gas at a flow rate of 
40 ml min 1 ), or using a Vacuum Generators Micromass 12 spectro- 
meter coupled to a Pye Series 104 gas chromatograph (needing helium 
as carrier gas) operated by Dr. P. C. Bell. The VG Micromass 12 
instrument was also used as a. direct insertion probe (d. i. p.) spectrometer. 
Infrared Spectroscopy (i. r.) 
Liquid samples were examined as thin films, and solid samples 
as nujol mulls, both on polished sodium chloride plates, using a 
Perkin-Elmer 157G grating spectrometer. 
Ultraviolet Spectroscopy (u. v.) 
A matched pair of 10 mm silica cells were employed with a 
Unicam SF800 spectrophotometer. 
Melting Point (M.P.) 
The melting point of all new compounds was measured on a 
Reichert hot stage melting point apparatus with polariser and 
analyser. 
Elemental Analysis 
Microanalyses were carried out on a Perkin-Elmer 240 
analyser, operated by Mr. J. Grunbaum. 
Distillation and Evaporation 
Evaporation under reduced pressure was carried out in a 
Bchi Rotavapor R. 
Drying of solutions and solvents 
Anhydrous magnesium sulphate was used to dry the organic 
solutions, unless otherwise stated. Ether, toluene and benzene 
were dried over sodium wire; "super-dry" ethanol was prepared 
by 'Method 1' as described in Vogel; 
128 
 tetrahydrofuran (THF) 
was dried over aluminium lithium hydride before distillation and use; 
1, 2-dimethoxyethane (DME) was stored over calcium hydride under 
nitrogen and distilled prior to use; formdimethylamide (DMF) was 
dried over molecular sieve; hexadecane was dried over phosphorus 
pentoxide. Petroleum refers to the fraction of b. p. 40_600 unless 
otherwise stated. 
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PREPARATION OF STARTING MATERIALS 
2-Bromobenzyl bromide (79%) was prepared by the method 
of Shoesmith and Slater, 
129 
 involving the direct bromination of 
2-bromotoluene. The product was distilled under reduced pressure, 
b. p. 80-94° at 1.1-1.8 mmHg (lit, 
19 
 b. P. 1290 at 19 mmHg); 
8 (CDC1 	 l-I 3 ) 7. 5-6.8 (4 H, m), . 53 (s, C 2). 
2- Bromobenzyltriphenylpho sphoniurn bromide was prepared' 
by the reaction of 2-bromobenzyl bromide (165 g, 0.661 mol) with 
triphenylphosphine (208 g, 0. 783 mol) in boiling benzene. The 
product (325 g, 96%) was filtered off after 1. 5 h; the solid was 
washed with benzene and had m. p. 195-197
0 
 (though there was loss 
of transmission of polarised light at 129 °). (Found: C, 56.3; 
H, 4.3. C 25 H21 Br 2P requires C, 56.4; H, 4.0%); C (CDC1 3 ) 
7.8-6. 9 (19 H, rn), 5. 5 (d, J 14 Hz, CM 2). 
2-Bromo- trans -stilbene was prepared by the reaction of 
.2-bromobenzyltriphenylphosphonium bromide (120 g. 0. 234 mol) 
with benzaldehyde (25 g, 0. 234 mol) in the presence of sodium 
ethoxide (sodium: 5.4 g, 0.234 mol) in R. R. ethanol (850 ml), 
under nitrogen. Chromatography [silica-benzene] was used to 
remove the triphenylphosphine oxide and unreacted benzaldehyde. 
The crude mixture (42 g, 6 9%) was isomerised to the trans-form 
in boiling nitrobenzene containing iodine. Distillation gave the 
0 
pure trans-isomer (33 g, 55%), b. p. 114-130 at 0.15-0.18 mmHg; 
m. p.  27.5 	
0 	130 	 o
-28.5 (lit, 	M. P. 27-28 ). 
2-Formyl- trans -stilbene (51%) was prepared by the method 
of Smith and Bayliss 
131 
 using the reaction of the Grignard reagent 
of 2-bromo -trans -stilbene with dry dimethyLformamide in dry THF. 
Dry column chromatography [alumina-petroleum/ether (3/1)] was 
used for purification and yielded a pale yellow oil, b. p.  144-1350 
132 
at 0. 26-0. 20 mmHg (lit, 	m. p.  83° ); 6 (CDC1 3 ) 10. 2 (1H) s), 
2-6.8 (11 H, m); V max 2 850, 2 740 cm ' (C-H), 1 690 cm- I 
(C =0), (lit, 
142
5(CDC1 3) 11. 1 (s), (8. 0-6.8, m); 	))max 
 1690 cm 
(C=0).). 
2-Cyano- trans -stilbene (78%) was prepared by the method of 
De'Jàr and Carpino 130 using the reaction of copper (I) cyanide with 
2-bromo-trans- stilbene in pyridine. Dry column chromatography 
[alumina-benzene], followed by distillation and crystallisation (from 
hexane/ether) gave colourless crystals, m.p. 66-67 ° (lit, 
130 
 m. p. 




2-Acetyl-trans-stilbene (60%),  prepared 
56 
 by the reaction of 
methylmagnesium iodide with 2-cyano-trans - stilbene in ether/benzene 
(630), had m. p. 67-68 ° (lit, 
56 
 67-680); S (CDC1 3) 2. 5 (s, CH3 ); 
max ujol) 1 675 cm ' (C =0). 
(i) 2-Phenylacetyl- trans -stilbene was prepared by the 
reaction of benzylmàgnesium bromide (magnesium 3. 07 g, 0. 126 mol; 
benzyl bromide 20. 5 g, 0. 120 mol) in ether. (20 ml) with 2-cyano-
trans-stilbene (12.0 g, 0.078 mol) in benzene (105 ° ml). The mixture 
was boiled, under nitrogen, at a reflux temperature of 640  for 17 Ii. 
Solvent was evaporated under reduced pressure, and benzene (60 ml) 
and water (20 ml) were added. Hydrochloric acid (20% v. v., 40 ml) 
was then added and the mixture boiled under reflux for 3 h. An oil 
was extracted and the crude ketone precipitated on addition of a 
little ether. Recrystallisation from hexane gave colourless needles 
(11.9 g, 68 %), ni. p.  72. 5-73.5° (Found: C, 88.4; H, 6.0. 
C 22H18 0 requires C, 88.6; H, 6.1%); C (CDC1 3) 7.8-6. 7 (16 H, 
m), 4.18 (s, CH 2 
	max 
); V 	(nujol) .1 680 cm (C0); m. s. see 
appendix 1(1). 
(ii) 2-Phenylb o- 2H 21ac etyl- trans - stilbene was prepared by 
crystallisation of the non- deuteriated ketone (2. 0 g, 6. 7 mmol) from 
dry DME (60 ml) and deuterium oxide (20 ml, 1. 0 mol), keeping the 
solution phase hot for 16 h. On cooling, the ketone separated on 
top of the aqueous solution, and was extracted (100%) with dry 
ether.' LeVms analysis of the ketone showed the following per-
centages for the d 0, d1 , d2 and d 3 species: 0. 6, 13. 8, 83. 5, 
2. 1%,  leading to a total deuterium content of 88. 5%. m. p.  70-
71.5 
0 	
(CDC1 3) 7.8-6.7 (m), 4. 2 absent; 	max . 	 J 0 	
1 680 
cm 	(C=O); m. s. see appendix 1(i). 
1 -trans -2'-Styrylphenylethanol. The Grignard reagent prepared 
with 2-brorno- trans -stilbene (16. 9 g, 0. 0653 mol) and magnesium 
(1. 67 g, 0. 0686 mol) in THF (60 ml) was stirred under nitrogen 
for 24 h. Ethanal (2. 87 g, 0. 0653 mol) was added over 0. 5 h and 
the,mixture stirred for a further 24 h. Saturated ammonium 
chloride solution (130 ml) was added, the layers were separated 
and the aqueous layer was extracted with ether (2 x 50 ml). The 
combined organic solutions we're dried, evaporated, and the residue was 
chromato graphed on dry alumina [so mm x 0. 6 m - petroleum/ether 
(2/1)] yielding a purple solid (11. 1 g, 78%) which was distilled 
(6.3 g, 44%), b. p. 220° at 3.0 mmHg. Recrystallisation from 
hexane gave colourless rectangular crystals, m. p. 78_790;  (Found: 
C, 85. 8; H, 7. 2. C 16 H16 0 requires C, 85. 7; H, 7. 2%); 
C (CDC1 3) 7. 7-6.8 (11 H, m), 5. 3 (q, J 6 Hz, C-H), 2 v(s, 0-H), 
1.50 (d, J 6 Hz, CH );
3 	max 
) 	(nujol) 3 300 cm- 
1 
 (0-H); m. s. 
+  
P =224. 
2-Formylstyrene (48%) was prepared by the method of Gensler, 133 
involving the base decomposition of 3, 4-dihydroisoquinoline by 
sodium hydroxide solution (25% w. w.) and dimethyl sulphate. 
9'(CDC1 3) 10.3 (s,OC-H), 7.9-7.2(5 H, m), 5.8-5.3 (d-d, J 
1.5 Hz, J' 17 Hz; d- d, J 1.5 Hz, J" 11 Hz, = CH 2). 
10.' 	[9- 2H]Methanol (78%) was prepared by the method of 
Streitweiser, Verbit and Stang, 
134 
 using dimethyl carbonate, 
dimethyl sulphate and deuterium oxide. I. r. and m. s. gave ca 60% 
64 
deuterium content. 	V 	2 450 cm- 1  (0- D). 
max 
{0-2H]Ethanol (56%) was prepared by the method of Pasto 
and Meyer, 
135 
 using tetra ethylo rtho silicate and deuterium oxide. 
max 2450 cm 1 (Q-D). 
[0- 2H]Propanol (80%) was prepared by the reaction, in 
bromobenzene, of sodium propoxide with deuterium oxide. 
"max 2 500 cm 	(O-D). 
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PREPARATION OF AUTHENTIC COMPOUNDS 
1. 	2-Phenylindene (46%), prepared by the method of Von Braun 
and Manz 
136
using phenylmagnesium bromide and 2-indanone, had 
M.P. 165-166 ° (lit, 
136 
 m. p.  167° ); & (CDC1 3 ) 7.7-7.0 (10 H, 
rn) 1 3. 7 (s, CH2). 
1, l'-Azino-(l, 1'-diphenylethane) (84%), prepared by the 
method of Taipale 
137 
 using acetophenone and hydrazine hydrate 
in butanol, had m. p.  120-121 ° (lit, 
137 
 m. p.  121. 5-122° ); 5 (CDC1 3 ) 
7. 9 (4 H, m), 7. 35 (6 H, m), 2. 28 (s, 2 x CH 3 ). 
3. 	1, 1 t-Azo-(l, 1 t-dichloro- 1, 1 '-diphenyl ethane ) (89%), 
prepared by the method of Goldschmidt and Acksteirier '38 using 
1, 1 1 -azino(l, 1'-diphenylethane) and chlorine gas, had m. p.  101- 
103° (lit, 
138 
 M. P. 108° ); 	(CDC1 3) 7. 5 (4 H, m), 7. 3 (6 H, m), 
2.16 (s, 2 x CH 
3 ). 
4.. 	3-Methyl- 2-phenylindene (30%) was prepared 138 by the decom- 
position, in benzene, of 1, 1'-azo-(l, 1'-dichloro-1, 1'-diphenylethane) 
in the presence of zinc dust. The indene was crystallised from 
138 





S (CDC1 3 ) 7. 5-7. 10 (9 H, rn), 3. 7 (q, J 2 Hz, CH 2), 2. 3 (t, J 2 Hz, 
rn. s. see appendix 4(u). 
5. 	1-Methyl- 2-phenylindane (85%) was prepared by the hydrogenation 
(Pd/C/H 2 1 atm) of 3-m ethyl- 2- phenylindene. Distillation gave a 
colourless liquid which had b. p.  84-87 at 0. 19 mmHg (Found: 
C, 92.0; H, 8.0. C 16 H16 requires C, 92.2; H, 7 . 7 %); 6 (CDC1 3 ) 
7.5-7.1 (9H, rn), 4.3-4.1(4 H, m), 0.9 (d, J 7Hz, Cl-I 3); m.s. 
see appendix 4 (iii). 
2- Vinyl- trans -stilbene was prepared by the Wittig reaction of 
benzyltriphenylphosphonium bromide (2. 26 g, 5. 2 mmol) with 2-
formyl styrene (0. 69 g, 5. 2 mmol) in the presence of sodium 
ethoxide (sodium 120 mg, 5. 2 mmol) in ethanol (35 ml). 
Chromatography [silica; 20 mm x 0. 5 m - benzene] removed the 
triphenylphosphirte 'oxide, and isomerisation was achieved in 
boiling hexane (20 h) in the presence of iodine. Bulb distillation 
gave a colourless liquid, b. p. 105-115 ° at0.33 mmHg. (Found: 
m/e = 206. 107979 C 16 H14 requires 206. 109545) G (CDCl) 
7.7-6.7 (12 H, rn), 5.8-5. 2 (d-d, J 1.5 Hz, J' 11 Hz; d- d, J 
1.5 Hz, J" 18 Hz; CH 
2); 	




1 -M ethyl- 2- phenylindene was prepared by the acid- induced 
cyclisation of 2-vinyl- trans -stilbene (100 mg, 0.485 mmol) using 
toluene- 4-sulphonic acid (50 mg, 0. 384 mmol) th boiling benzene 
(50 ml). G.1.c. (1% SE30; 190 0 ) was used to monitor the reaction 
which required 25 min for cyclisation. Prolonged reaction or 
stronger acidic conditions resulted in formation of 3-methyl-2-
phenylindene. The usual work up gave a pale brown solid (97 mg, 
97%) which was shown, by n. m. r. spectroscopy, to contain 3-methyl-




 requires 106.109545). 5(CDC1 3) 7.6-6.9 (10 H, m), 
3.8 (q, J 7 Hz, C-H), 1. 3 (d, J 7Hz, CH 3 	A mixed melt with 
3-methyl- 2-phenylindene gave m. p. 52-60
0 
. 
Benzyltriphenylphosphonium bromide (85%), prepared by the 
reaction in benzene, under reflux, of triphenyiphosphine and benzyl 
bromide, had m. p. 272-274 ° (lit, 139 m. p. 274-275° ); 8 (CDC1 3 ) 
5. 3 (d, 3 14 Hz, CH2). 
trans, trans-1, 2-Distyrylbenzene was obtained in low yield (4%) 
by the reaction of benzyltriphenyiphosphonium bromide (13.0 g, 
0. 030 mol) and benzene-1., 2-dialdehyde (2. 01 g, 0.015 mol) in the 
presence of sodium ethoxide (sodium 0. 69 g, 0. 030 mol) in R. R. 
ethanol (300 ml). The mixture was boiled for 2 h when t. 1. c, showed 
that the dialdehyde had been consumed. Chromatography [silica-
benzene] yielded a pale yellow liquid (3.49 g, 83%), free from 
triphenylphosphine oxide. This liquid was a mixture of 1, 2-
distyryibenzene isomers and was added to boiling nitrobenzene 
(60 ml), containing iodine, to obtain the trans, trans-isomer. G. 1. c. 
(1% SE30; 2200 ) showed the gradual decrease of two of the 
components and increase of a third peak of longer retention time. 
An orange oil (1. 90 g, 4 5%), extracted by chromatography [silica-
petroleum/ether], was left to crystallise. After two weeks some 
solid was filtered off and after three months, more solid had formed; 
m. p.  118-120° (lit, 
140 
 m. p. 120-122° ), S (CDC1 3) 7 8-7. 0 (m). 
i-Phenyl-1-trans -2'-styrylphenylethanol was prepared in 
collaboration with Mr. T. W. Naisby. The Grignard reagent phenyl-
magnesium bromide, was firstly prepared by adding bromobenzene 
(1. 02 g. 6.5 mmbl) in ether (5 ml), slowly with stiiring, to magnesium 
(0. 165 g, 6. 8 mmol) in dry ether (5 ml) under nitrogen. The reaction 
mixture was then stirred for one hour. 2-Acetyl- trans -stilbene (0.75 
g, 3.4 mmol) in benzene (15 ml) was added slo"Jily and the mixture was 
boiled under reflux at 630  under nitrogen for 18 h. Saturated ammonium 
chloride solution (25 ml) was added and the layers were separated. 
The organic layer was collected, combined with an ether extract (25 ml) 
of the aqueous layer, washed with water, dried (MgSO 4 ) and evaporated 
yielding  a brown oil (1. 08 g). This oil was chromatographed on a 
silica column, eluting with benzene, gradually grading up to 20% ether. 
Another brown oil (0. 74 g, 73 %) was extracted and further purified by 
preparative t. 1. c. [silica-benzene]. The 1-1-2'-ethanol, seen as a 
broad fluorescent band just above the origin, was extracted as a light 
brown liquid (250 mg, 25%); (Found: m/e 300. 150696. C22H220 
requires 300. 151407); & (CDC1 3 ) 7. 9-6. 5 (1.6 H, m), 2. 5 (s, OH), 
1.95 (s, CH3); Vax  3 550, 3 440 cm- I (0-H), 1 600 cm- 
1 
 (CC), 
760, 690 crn 1 (5 aromatic H), 1 060, 960, 910 cm 1 ; m. s. see 
appendix 12. 
a-Pheny1- trans- 2-styry1fene was prepared by the dehydra-
tion of 1- phenyl- 1- trans -2'-styrylphenylethanol. The 1-1-2 1 -ethanol 
(150 mg, 0. 50 mmol) was added to benzene (30 ml) containing toluene-
4-suiphonic acid (287 mg, 1. 5 mmol) and heated at the reflux tempera-
ture. The progress of the dehydration was followed by t. 1. c. [silica-
benzene], showing the loss of the 1- 1- 2'-ethanol, and g. 1. c. (1% SE 30; 
2300), showing the accumulation of a-phenyl-(trans- 2- styryl)styrene 
before further isomerisation takes place. After 30 minutes, t. 1. c. 
showed that all the 1-1-2'-ethanol had been consumed. The acid 
was removed by washing the cooled solution with water, then the 
dried organic solution was evaporated leaving a pale yellow oil (122. 
mg) which had on its ' H n. m. r. spectrum non-aromatic signals at 
5.8, 5. 2, 2.45 and 1.79. Dry column chromatography [alumina: 
20 mm x 1.0 m - petroleum/ ether (4/1)] was. used to separate 
the hydrocarbons from other material. The product was obtained 
as a colourless oil (121 mg, 86%) containing an isomeric hydrocarbon 
(20% as shown by g. 1. c.) which could. not be separated from the 
mixture (Found: m/e 282. 138 576. C 22H 18 requires 282. 140844); 
S (CDC1 3) 5. 8 (d, J 2 Hz), 	5. 2 (d, J 2 Hz). 
a-M ethyl- (trans -. 2- s tyryl)b enzyl acetate was prepared by 
the reaction of 1-trans-2'-styrylphenylethanol (0.75 g, 3. 35 mmol) 
and acetic anhydride (0.45 g, 4.0 mmol) in dry boiling benzene (20 
ml). After 4 h, t.l.c. [alumina-petroleum/ether (5/1)] showed 
that less than 25% of product had formed. More acetic anhydride 
(0.4 g) was added and the heating continued for a further 16 h. Dry 
column chromatography [silica: 10 mm x 0. 70 m - petroleum/ether 
(5/1)] separated the unchanged styrylphenylethanol from the product 
which was distilled to give a colourless liquid (570 mg, 64%); b.  p. 
178° at 1. ZmmHg (Found: m/e 266. 129883. C 18 H18 02 requires 
266. 130672); 5 (CDC1 3) 7. 7-6. 7 (11 H, m), 6. 25 (q, 3 6 Hz, CH), 
2.05 (s, CH ), 1.5 (d, J 6 Hz, CH 
3 	max ); ) 	1 750 cm- I (ester 
C=O), 1 240 cm
-1 
 (C-O); m. s. see appendix 11. 
13. 	5H-2, 3-Benzodiazepines. The general method of preparation 
of 5H-diazepines 5 involved the base-induced isomerisation of the 
1H-diazepines. The 1H-diazepine was dissolved in boiling ethanol, 
under nitrogen and in the dark, and to this solution was added an 
equimolar amount of sodium ethoxide. Monitoring the reaction by 
t. 1. c. showed when all the 1H-isomer had been consumed. After 
evaporation of the ethanol, the residue was dissolved in ether and 
water. The organic layer was collected and evaporated to dryness. 
The 5H-diazepines were then crystallised from ethanol, or in some 
cases the 5H-isorner crystallised directly on cooling the reaction 
mixture. 
4-Phenyl-5H-2, 3-benzodiazepine ( 6 6%), prepared by the 
general method, required a reflux time of 25 mm, and had m. p. 
1071090 (lit, 141 109-110 ° ); 	Hn.m.r. see appendix 3.. 
1-Methyl-4-phenyl-5H-2, 3-benzodiazepine (89%), 
prepared by the general method, required a reaction time of 
32 h and had m. p.  136. 5-138. 5° (lit, 142 m. p.  136-140° ); 
'Hn.m.r. see appendix 3. 
(111) 1-Benzyl-4-phenyl-5H-2, 3-benzothazepine. 143 
Sodium ethoxide (22. 0 ml of 70 mg in 25. 0 ml, 2. 56 mmol) was 
added to 1-benzyl-4-phenyl-1H-2, 3-benzodiazepine (783 mg, 
2. 52 mmol) in ethanol (50 ml), and the solution was heated at the 
reflux temperature for 24 h. T. 1. c. [alumina-benzene] showed 
very little reaction so more sodium (58 mg, 2. 53 mmol) was added 
70 
and the isomerisation continued for a further 3. 5 days. On cooling. 
the solution, 5H-diazepine precipitated as colourless needles (552 
mg, 71%)  of m.p. 148-149° . The mother-liquor yielded a further 
crop of crystals (23%). 	(Found: C, 84. 9; H, 5. 8; N, 8. 9. 
C 22H18 N 2 requires C, 85. 1; H, 5.8; N, 9.0%); 	I-1 n.m. r. 
see appendix 3. 
14. 	2-Ethylbibenzyl, prepared by the hydrogenation (Pd/C/H 2 
1 atm 18 h) of 2-vinyl- trans -stilbene, had m.p. 151-153 ° (Found: 
m/e 210. 140444. C 16 H 18 requires 210. 140844); 5 (CDC1 3 ) 
2. 86 (4H, s), 	2. 6 (g. J 7 Hz, C H 2), 1. 2 
(, 
J 7 Hz, CH3), 
(9J1, ). 
(4;. 
GENERAL PREPARATION OF T OSYLHY DRAZ ONES, THEIR 
SODIUM SALTS, AND CYCLISATION TO BENZODLAZEPINES 
The tosyihydrazones were generally prepared by the conden-
sation of toluene- 4-sulphonhydrazine with the ketone or aldehyde. 
The procedure involved the admixture of warm (500)  ethanolic 
solutions, followed by standing the solution in the dark or boiling 
under reflux under nitrogen (for the more hindered ketones). A 
few drops of concentrated acid were usually added except where 
aprotonic (no 1 H) conditions were required. After filtration of 
the crystals and washing with dry ether, the tosyihydrazones were 
stored over P 
2 0 5 
 until ready for use. 
The dry tosyihydrazone was dissolved in dry DME, under 
nitrogen, and sodium ethoxide (5% deficient) added. The solution 
or mixture was stirred for 0. 5-0. 8 h before solvent was evaporated 
(below 450) using a rotary evaporator and oil pump. The sodium 
salt was then dried under vacuum (P 205) for 16 h. 
Dry' DME was added to dissolve the sodium salt, and the 
solution was boiled under reflux (various times), under nitrogen, 
until t. 1. c. showed absence of tosyihydrazone and formation of the 
yellow diazepine. Sodium toluene-4-sulphinate was filtered off 
from the cooled mixture and the filtrate taken to dryness leaving a 
residual oil or solid from which the diazepine could be crystallised 
by the addition of hot ethanol. 
1. 2-Formyl-trans-stilbene tosylhydrazone (71%) was prepared 
in the presence of acid (0. 2 ml). A thick precipitate had formed 
after 10 mm, but filtration of colourless needles was carried out 
after 17 h; m. p.  146- 148° (lit, 
56 
 m. p.  145-146.5 
0 
 ) ( Found: 
C, 70.3; H, 5.5; N, 7.4. C 22H22N 202S requires C, 70.1; 
H, 5. 3; N, 7.4%);max (nujol) 3 220 cm- 
I 
 (N- H); ' H 
n. m. r. see appendix 1 (ii). 
The diazepine was prepared by the general method and required 
a reflux time of 0. 5 h. Recrystallisation from methanol gave 
72 
amorphous orange crystals of 4-phenyl-1H--2, 3-benzodiazepine 




 m. p.  132-133° ); ' H 
n.m.r., m. s. see appendices 2(i), 2(u). 
2-Acetyl-trans- stilbene tosylhydrazone(74%) was prepared 
by the general method in the presence of acid, and required a 
reflux time of 4 h. Recrystallisation from ethanol gave two crops 
of crystals corresponding to the y- and anti-isomers. 
56 
 The two 
o 	56 	o 
sets of crystals were combined and had m. p.  149-151 (lit, 134 
149-150°); 	\)max (nujol) 3 180 cm 	(N- H); 1 H n. m. r. see 
appendix 1(u). 
The diazepine was prepared by the general method and required 
a reflux time of 24 h. Recrystallisation from methanol gave 1-
methyl-4-phenyl- 1H- 2, 3-benzodiazepine (77%) 'as yellow diamonds 
056 	 o 	1 
of m. p.  91-93 (lit, m. p.  92-93 ); H n. m. r., m. s. see 
appendices 2(i), 2(u). 
(i) 	2-Phenylacetyl- trans -stilbene tosyihydrazone (83%) 
was prepared in the presence of acid and required a reflux time of 
4 h. The product was obtained as colourless needles of m. p. 
163. 5-1650 (Found: C, 74.4; H, 5.6; N, 5.9.'C 29 H 26 N 202S 
requires C, 74.7; H, 5.6; N, 6.0%); 	Vmax (nujol) 3 190 cm 
(N- H); ' H n. m. r. see appendix 1 (ii). 
1-Benzyl-4-phenyl- 1H- 2, 3-benzodiazepine (65%), 
143 
 obtained 
as yellow diamonds after a reflux time of 5 h, had m. p. 126-127 ° 
(Found: C, 84.9; H, 5.8; N, 9.0. C 22H 18N 2 requires C, 85.1; 
H, 5.8; N, 9.0%); 1H n.m. r., m. s. see appendices 2(1), 2(u). 
(ii) 	(a) Method I. 	2-Phenyl[o, cC. 2H2lac etyl-trans - s tilbene 
tosylhydrazone (76%), prepared using the dideuteroketone in the 
presence of [0- 2H]acetic acid in DME/[2- 2H]ethanol for 3 days, 
had 90% deuterium (2nd batch 85%)  at the required position. 
))max (nujol) 2 390 cm 
1 
 (N-D); 1 H n. m. r. see appendix 1 (ii). 
The diazepine was prepared by the general method using the 
minimum of [0- 2H]ethanol (2nd batch ethanol) and a reaction time 
of 5 h. Recrystallisation from ethanol gave yellow diamonds of 
171  a, a- 2H2]benzyl-4-phenyl- 1H-2, 3-benzodiazepine (59%) with a 
deuterium content of 85% (2nd batch 77% D) at the benzyl-methylene 
position; ' H n.m. r., m. s. 'see appendices 2(i), 2(u). 
(ii) 	(b) Method IL 2-Phenyl,O(- 2H2 ]ac etyl-  trans  - 
stilbene tosyihydrazone was prepared by recrystallisation of the 
non- deuteriated tosylhydrazone from [0- 2H] ethanol/benzene, and 
had a deuterium content of 88% at the required position. 	
umax 
(nujol) 2 390 cm-1 
	 1 
(N-D); 	H n. m. r. see appendix 1 (ii). 
The diazepine was prepared by the general method using the 
minimum of [0- 2H]cthanol. Recrystallisation from ethanol gave 
yellow diamonds of I-[ a, a- 2H2]benzyl-4-phenyl-  1H-2, 3-benzo-
diazepine (57%) with 81% D, and had m. p. 125-127 0 ; ' H n.m.r., 
m. s. see appendices 2(1), 2(u). 
4. (1) 	2- Diphenylmethylenecyclopentanone tosyihydrazone 
(90%), prepared by the general method in the presence of acid, 
had m. p.  166- 1680 decomp. (lit, 
48 
 166° decomp.); 'Lmax 
(iiujo1) 3 200 cm 
1 
 (N- H); ' H n.m. r., m. s. see appendices 
6 (1), 6 (ii). 
The diazepine was prepared by the general method and 
required a reaction time of 5 h. Recrystallisation from ethanol 
gave yellow crystals of 1, 2, 3, 3a-tetrahydro-10-phenylbenzo[c:}-
cyclopenta[f][1, 2]diazepine (64%), m. p.  161, 5-163. 50 (lit, 
48 
 159-
160° ); 	' H n. m. r., m. s. see appendices 7(i), 7 (iii) 
(ii) 	2- Diphenylm ethylene[ 5, 5- 2H2]cyclopentanone  to syl- 
hydrazone was prepared by recrystallisation of the non- deuteriated 




6 ]methanol (giving { H 1 3 1 
tosyihydrazone), then from [0-2H1.0 ]ethanol,  which gave ca 90% 
I1 
deuterium incorporation at the 5-position; ' H n. m. r. see 
appendix 6 (i). 
The [ 2H2]diazepine was prepared by the general method using 
the minimum of {O- 2H]ethanol and required a reaction time of 5 h. 
Recrystallisation from ethanol gave yellow crystals of 1, 2, 3, 3a-
tetrahydro- l0-phenylbenzo[c][3, 3- 2H2]cyclopenta[f][1,  2]diazepine 
(50%) which had 96% deuterium at the 3-position, as shown by 
leVms; 1 H n. m. r., '3C n. m. r., m. S. see appendices 7(i), 
7(u), 7(iii). 
5. 2-(Di-m-methoxyphenylm ethyl ene)cyclopentanone tosyl-
hydrazone (66%) crystallised from solution, overnight in a fridge, 
as off-white needles of m. p.  146- 	
o 
147 decomp. (Ii • 48 t, 	rn. p.  148- 
149° decomp.); ' H n. rn. r. see appendix 6 (1). 
When the general method of diazepine preparation was followed, 
two isomers were formed. After a reflux time of 17 h, h.p. 1. c. 
analysis [silica- ether /hexane (4/1)] showed almost equal proportions 
of the two diazepines. Dry column chromatography [alumina-
petroleum/ ether (1/2)] was used to separate the two isomers - 
1, 2, 3, 3a-tetrahydro -6- methoxy- 10-rn- methoxyphenylbenzo[c]-
cyclopenta[f ][1, 2]diazepine (40%), 1, 2, 3, 3a-tetrahydro-8-rnethoxy-
10-rn-rnethoxyphenylbenzo[c]cyclopenta[f][1, 2]diazepine (26%), 
mixture of the two (15%, 2:3 ratio). The 6-rnethoxydiazepine had 
M.P. 163-165° (lit, 
144 
 164-166 0 ); ' H n. m. r. see appendix 7(1). 
The 8-methoxydiazepm 	
1
e could not be obtained as a solid; 	H n. m. r., 
13 C n.m.r. see appendices 7(i), 7(u). 
A repeat preparation was monitored by h. p.  1. c. which showed 
a slow conversion of the 6-methoxy-isomer into the 8-methoxy-
diazepine; a ratio of 71:29 after 1 h changed to 65:35 after 3 h. 
GENERAL PREPARATION OF 3H-INDAZOLES FROM 1, 2-
BEN ZODIAZEPINES. 
Thermolysis: 	(a) Gas phase. 
The parent indazole (3- 1'- cyclopentenyl- 3-phenylindazole) 
was prepared by the gas-phase pyrolysis of the parent 1, 2-benzo-
diazepine (1, 2, 3, 3a-tetrahydro- 10- phenylbenzo[c]cyclopenta[f  ]- 
[1, 2]diazepine), using the apparatus as described by McEwan. 145 
The method involved passing diazepine through a furnace, at an 
optimum temperature (260 0), under vacuum (ca 0. 1 torr). The 
pyrosylate was collected in a liquid nitrogen frap and was analysed 
by h. p.l.c. [alumina-dichiorom ethane /hexane (3/7)]. Difficulties 
experienced with this method were:(i) low enough pressures could 
not be reached and the pyrosylate consisted mainly of unchanged 
diazepine, (ii) sublimation of diazepine onto cold joints, although 
insulation was provided. 
This method was thus discounted and others were tried. 
(b) 	Solution phase. 
Once a kinetic run had been carried out (see p103) it was 
observed that the indazole reached a maximum concentration at 
2, 000 min with 45% indazole present. Any remaining diazepine 
( 20%) could be recovered. 
Photolysis: 	(a) 	Ultraviolet light. 
A small scale reaction was carried out on the decomposition, 
in chloroform, by ultraviolet light of the diazepine. Analysis of 
the photoproducts showed either little reaction (photolysis time too 
short) or mainly hydrocarbon products; the conditions were too 
severe and unpredictable. 
(b) 	Daylight. 
Ideally the photolyses should be carried out during the summer 
(b 
months when strong sunlight and long daylight hours produce 
conditions favourable for efficient isomerisation. 
The general method was to dissolve the diazepine (500 mg) in 
ether (0. 1% solution) and leave the solution to stand in direct 
sunlight, monitoring the isomerisation by h. p.  1. c. The isomerisa-
tion was usually stopped when analysis showed ca. 10% hydrocarbons 
or 15% diazepine (area ratios by u. v. detector at 254 nm), whichever 
was the sooner. Ether was evaporated and the resultant oil was 
chromatographed on dry alumina, collecting the required fractions 
and purifying by repeating the chromatography where necessary. 
This was the method eventually used for all the preparations of 
indazoles. 
1(a) 	Method A (b). 3-1 '-Cyclopentenyl-3-phenylindazole. The 
parent 1, 2-benzodiazepine (650 mg, 2. 50 mm6l) was dissolved in 
o-xylene and thermolysed at 130 ° for 2, 535 mm. Solvent was 
evaporated under reduced pressure and the residual oil was 
chromatographed [alumina, 30 mm x 0. 50 m - dichloromethane/ 
pentane (15/85) - (100/0)]. Four fractions were collected: 
1, hydrocarbons (239 mg); 2, indazole (229 mg, 35%);  3, diaze-
pine (50 mg); 4, tars (75 mg). 
Recrystallisation of fraction 2 from petroleum gave colourless 
crystals of 3-1'-cyclopentenyl-3-phenylindazole of m. p. 66-68 
0 
146 	 o 
(lit, 	M.P. 66-67 ). 
(b) 	Method B (b). 3-1 '-Cyclopentenyl- 3-phenylindazole 
(56%), prepared as colourless crystals, had m. p. 66-67 0 (lit, 146  
M. P. 66-67 o ); 1H n. m. r. see appendix 8(i). 
All the following indazoles were prepared by Method B (b). 
2. 3-1 '-Cyclopentenyl-6-methyl- 3- p- tolylindazole (50%) was 
obtained as a pale brown oil. Attempts to crystallise the product 
from methanol or petroleum led only to a transient solid which 
liquified on evaporation of solvent. (Found: m/e 288. 162 641, 
260. 156 333. C 20 H20N 2 requires 288. 162 246, C20F120 
7 .7 
requires 260. 156 493); ' H n. m. r., '3C n.m. r., m. s. see 
appendices 8(i), 8 (ii), 8 (iii). 
Reduction of the carbon-carbon double bond was attempted 
using nickel sulphate/sodium borohydride in ethanol, 
147 
 but, no 
hydrogenation had occurred. Reduction using palladium /carbon 
led to non-selective hydrogenation and decomposition of the indazole. 
3-1 '-Cyclopentenyl- 7-methyl- 3-m-tolylindazole. H. p.  1. c. 
analysis of the reaction mixture showed mainly the indazole; 
83% by area ratio, or ca 94% by molar ratio (omitting the hydro-
carbons). The indazole was purified by chromatography [alumina-
petroleum/ether (4/1)] giving a pale brown oil (50 mg, 11%),  but 
the main fraction was a mixture of diazepine and indazole (175 mg, 
1:10 ratio). H. p.  1. c. showed close coincidence for the indazole 
and diazepine, even using solvents of low polarity. (Found: m/e 
288. 162 545, 260. 156 333. C 20H20 N2 requires 288. 162 641, 
1 
C 20H20 requires 260. 156 493); H n. m. r., m. s. see appendices 
8 (i), 8 (iii). The fraction containing the mixture of diazepine and 
indazole was re-chromatographed on dry alumina [15 mm x 1. 0 m - 
petroleum/ether (5/1)] to recover more purified indazole (73 mg; 
total 27%). 13C N. m. r. see appendix 8(u). 
3-1 '-Cyclopentenyl-6-m ethoxy- 3-p-methoxyphenylindazole 
was obtained as a pale brown oil (30%). A second fraction ( 4 0%) 
containing both indazole and diazepine yielded a further crop of 
indazole(15%). (Found: m/e320. 151 172, 292, 146 145. 
C 20H20 N20 2 requires 320. 152 469, C 20 H20 02 requires 
292. 146 321); 	H n. m. r., 	C n. m. r., m. s. see appendices 
8(i), 8(u), 8(iii). 
3-1 '-Cyclopentenyl- 7-methoxy-3-m-methoxyphenylindazole 
(42%) was isolated by chromatography [alumina-petroleum/ether 
to 
(1/2)]; (Found: m/e 320.153 056, 292. 145 593. C 20 H20 N 202 
requires 320. 152 469, C 20H20 02 requires 292. 146 321); 
' H n. m. r., 	C n. m. r., m. s. see appendices 8(i), 8 (ii), 8 (iii). 
6. 3-1 '-Cyclopentenyl- 5-methoxy- 3-m-methoxyphenylindazole 
(34%) was prepared by the general method, the low yield was due 
to the poor conditions used, i. e. winter. Chromatography yielded 
the indazole; diazepine (225 mg, 45%)  was recovered. (Found: 
m/e 320. 152 742, 292. 145 041. C 20 H20 N 20 2 requires 
320. 152 469, C 20 H20 02 requires 292. 146 321); ' H n. m. r., 
13 
n. m. r., m. s. see appendices 8(i), 8 (ii), 8 (iii). 
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81 
THERMOLYTIC DECOMPOSITION OF BENZODIAZEPINES 
The general method of decomposition involved dissolving 
the solid diazepine in dry solvent and boiling the solution under 
reflux for the required period in the dark and under nitrogen. 
Alter thermolysis, the solvent was evaporated under reduced 
pressure and the residue analysed, and the components were 
separated by chromatography. 
I lH-2, 3- BENZODIAZEP INES 
1. 4-Phenyl- 1H- 2, 3-benzodiazepine 
The benzodiazepine (560 mg, 2. 54 mmol), in chlorobenzene 
(30 ml), was thermolysed at the reflux ternperature(130 0 ) for 
one day. H. p.l. c. analysis [alumina-ether/hexane (2/1)] 
showed that little (<1%) 1H-diazepine remained, and no 4-phenyl-
5H-2, 3-benzodiazepine could be detected. The solvent was 
evaporated leaving a brown tarry solid (510 mg) which was shown 
by n. m. r. spectroscopy to contain mainly 2-phenylindene; a 
singlet at 8. 6 6 for the 5H-diazepine was absent. Other smaller 
peaks on the spectrum at 4. 8, 4. 6, 4. 0 and 2. 3 & could not be 
characterised. A solid (66 mg) was filtered and washed; m. p. 
165-167 (2-phenylindene lit. , 136 
	 o 
m. p.  167  ). 
Dry column chromatography [alumina: 25 mm x 0. 80 m - 
petroleum/ ether (3/1)] of the residue (430 mg) was used to extract 
2-phenylindene (total 210 mg, 45%). Polymeric material, which 
could not be characterised, was also extracted (255 mg). 
2(a). 1 -Methyl-4- phenyl- lH- 2, 3-benzodiazepine in chlo robenzene 
The diazepine (500 mg, 2.14 mmol), in chlorobenzene (10 ml), 
was thermolysed at the reflux temperature for two days. After 
evaporation of the solvent, the residual brown oil was shown by 
n. m. r. spectroscopy [appendix 4(i)] to contain four identifiable 
components (as compared with spectra of the authentic compounds): 
1-methyl-4-phenyl- 5H- 2, 3-benzodiazepine (51%),  1-methyl-2- 
phenylindene (20%),  3-methyl- 2-phenylindene (26%),  and 2-vinyl-
trans-stilbene (2. 6%).  Dry column chromatography [alumina: 
20 mm x 0. 80 m - petroleum/ether (2/1)] produced several fractions, 
each of which was analysed by n. m. r spectroscopy to give the 
following percentages: the 5H- diazepine (52%),  1-methyl- 2- phenyl-
indene (11%),  3-methyl-2-phenylindene (27. 5%)  and 2-vinyl-trans-
stilbene (3. 3%). The hydrocarbon mixture showed three peaks when 
examined by gc-ms (4% APL; 215 °) and each component had a 
parent ion of m/e 206 with the two largest peaks showing similar 
spectra [see appendix 4(u)]. Part of the mixture was hydrogenated 
(Pd/C /H 2 1 atm 16 h) and the gc-ms analysis showed only two 
hydrogenated components which had parent ions of m/e 208 and 210 
formulated as 1-methyl- 2-phenylindane and 2-ethylbibenzyl [appendix 
4(iii)] by comparison with authentic compounds. Crystallisation of 
the fastest and the slowest fractions gave 3-methyl-2-phenylindene 
M. p.  75-77° (lit. 
138 




1- Methyl-4 - phenyl- 5H- 2, 3-benzodiazepine and 2-vinyl-trans - 
stilbene were found to be stable under the reaction conditions. A 
mixture of 1- methyl- 2-phenylind'ene and 3-methyl- 2- phenylindene 
(49:51 ratio) was also found to be stable at the thermolysis tempera-
ture, but addition of the 5H-diazepine resulted in a slow conversion 
of 1-methyl-2-phenylindene into the more stable isomer. After 24h 




(b) 1-Methyl-4-phenyl-1H-2, 3-benzodiazepine in chlorobenzene/ 
2 10- H] propanol 
The diazepine (200 mg, 0. 86 mmol), in [9- 2H] propanol (10 ml) 
and chlorobenzene (10 ml), was thermolysed at the reflux temperature 
(1170) for seven days. The solvent was evaporated and the residual 
red oil (181 mg) analysed by n. m. r. spectroscopy which showed the 
NE 
presence of 1-methyl-- 2-phenylindene (31%), 3-methyl-2-phenyl- - 
indene (31%) and the 5H-diazepine (27%). The residual 1H-diazepine 
and the 5H-diazepine were separated from the hydrocarbon fraction 
by dry column chromatography [alumina: 15 mm x 1. 0 m - petroleum/ 
ether (4/1)], and the hydrocarbon fraction and 5H-.diazepine were 
examined by g. c. -m. s. (2. 5% NPGS; 200 0) [appendix 4(iv)]. Com-
parison with authentic non-deuteriated samples of 3-rnethyl-2-
phenylindene and the 5H-diazepine gave the deuterium content of the 
products. 
The g. c. -m. s. analysis also showed a minor, fourth component 
(<1%). Its retention time was less than that of the indenes and its 
mass spectrum showed a parent ion of m/e 267 and cracking pattern 
	
a.. 	orod?citeriqted 
consistent withLpropyl  1- 2'- s tyryiphCnylethyl ether [appendix 101. 
3(i) 1-Benzyl-4-phenyl- 1H-2, 3-benzodiazepine 
The diazepine (773 mg, 2.49 mrnol), in chlorobenzene (12 ml), 
was therrnolysed for 42 h, when t. 1. c. [alumina-benzene] showed 
no residual 1H-diazepine. The solvent was evaporated leaving a 
red/brown oil (.750 mg) which solidified on standing. C. 1. c. analysis 
(1% SE30; 230 0) showed five peaks (relative tR/wt%)_  1, 50/8; 
2, 54/7.5; 3, 60/17.5; 4, 100/34.5; 5, 150/38. 	Dry column 
chromatography [alumina: 15 mm x 1. 0 m - petroleum/ether (3/1)] 
was used to separate component 5, 1-benzyl-4-phenyl-5H-2, 3- 
benzodiazepine (260 mg, 38%)  m. p. 146-148° (lit. 	148-149° ), 
from the hydrocarbons (426 mg, 62%);  the 5H-diazepine had the 
same n. m. r. spectrum as the authentic 5H-diazepine. A solid (80 
mg), crystallised from the hydrocarbon fraction, was identified as 
trans, trans-1, 2-distyrylbenzene (component 4) which had m. p. 119- 
0 	 142 	 o 
120 (lit., 	120-122 ) and had only aromatic hydrogens on the 
n. m. r. spectrum. The n. m. r. spectrum of the hydrocarbon mixture 
also showed a pair of broad singlets at 4. 1 and 3. 86, a pair of doub-
lets (J 1Hz) at 5.8 and 5, 2 6 (singlet:doublet integral ratio ca 10:3), 
and a double doublet at 2. 56 (J 1311z, J' 9Hz). Component 3 was 
formulated as 3-benzyl-2-phenylindene from the n. m. r. spectrum 
and g. C. -m. s. analysis (1% SE30; 2200) of the hydrocarbons 
[see appendix 5(i)]. 
The 5-diazepine was found to be stable at the thermolysis 
temperature (130 0 for 7h) and also at 168 0 (24h). trans, trans-1, 2-
Distyrylbenzene was found to cyclise slowly to component 3; 16% 
conversion after 94h. 
3(u) 1-[ a, a- 2H2]B enzyl-4-phenyl- 1H- 2, 3-b enzodiazepine 
The deuteriated diazepine (7976D; 500 mg, 1 61 mmol), in 
chlorobenzene (35 ml), was thermolysed for 29h. The solvent was 
evaporated and the residual brown oil analysed by n.m. r. spectro-
scopy which showed the absence of the pair of doublets at 5. 8 and 
5. 26, and showed a change in the integral ratio for the singlets, at 
4.15 and 3. 75, to 10:3. G.l.c. analysis (1% SE30; 230 ° ) of the 
mixture showed the same five components, as found for the non-
deuteriated thermolysis, in the percentages shown below. The 
mixture was then separated into nine fractions by dry column 
chromatography [alumina: 15 mm x 1. 0 m - petroleum/ether (2/1)], 
and each fraction was extracted, weighed, and analysed by g. 1. c. 
Using a calibration mixture of trans, trans-1, 2-distyrylbenzene 
and 1-benzyl-4-phenyl-5H-2, 3-benzodiazepine, and assuming the 
same detector response for all the isomeric hydrocarbon products, 
the following percentages were obtained: component 1, 5. 5% (7% 
before chromatography); 2, 0. 2% (4%); 3, 22.8% ( 15 %); 4, 37. 5% 
(34%); 5, 34% ( 40 %). 
The crude mixture was also analysed by g. c. -m. s. to determine 
the deuterium content of each component and of their fragments [see 
appendix 5(i)]. The crystalline [ 
2
H2]trans, trans-1, 2-distyryl-
benzene, from the fast running fractions, was hydrogenated by two 
methods - palladium /carbon with hydrogen (1 atm) for 7h (producing 
75% of 1, 2-diphenethylbenzene), or using potassium azodicarboxylate 
in ethanol for 24h (producing 25% of the product). The hydrocarbon 
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mixture and the hydrogenated distyrylbenzene mixtures were 
analysed by g. c. -m. s. and the spectra compared with the mass 
spectra of the corresponding non-deutero products [see appendices 
5(i), 5(u)]. The solid products (the 5H-diazepine and the 1, 2-
distyrylbenzene) were analysed by mass spectrometry (d. i. p.) 
to determine their deuterium contents [appendix 5(i)]. 
Further heating of the [2H2]trans, trans- 1, 2-distyrylbenzene 
in chlorobenzene for 46h produced 3-benzyl-2-phenylindene in 
10. 2% conversion yield (1% SE30; 2200). The mass spectra of 
both components were obtained [see appendix 5(iii)]. 
4. 1-Phenyl- 1-2, 3-benzodiazepine 
The diazepine (10 mg, 0. 045 mmol) was thermolysed in 
toluene (15 ml) for 2h. H.p. 1. c. [alumina-ether/hexane (2/1)] 
and t. 1. c. [alumina-benzene] analyses showed the absence of 1-
phenyl-5H-2, 3-benzodiazepine, by comparison with the authentic 
compound, and showed, as previously found, 
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 i-phenylindene, 
2-phenylindene and unchanged 1H-diazepine. 
II 3H-1, 2-BENZODIAZEPINES 
1(i) (a) 	1, 2, 3, 3a-Tetrahydro-10-phenylbenzo[c]cyclopenta[f]- 
(1, 2)1iazepine in chlorobenzene. 
The benzodiazepine (200 mg, 0. 76 mmoi), in chlorobenzene 
(30 ml), was thermolysed for seven days. After evaporation of 
solvent the residual brown oil (195 mg) was shown by n. m. r. 
spectroscopy to contain the five components listed below, their 
identity being confirmed by comparison with literature n. m. r. 
spectra. 145 
3-Diphenylmethylenecyclopent-i-ene (6. 1, 6. 359) 	76% 
1, 2, 3, 8-Tetrahydro-8-phenylcyclopenta[b]indene(4. 25S) 	1% 
1, 2, 3, 3a-Tetrahydro-8-phenylcyclopenta[a]indene (3. 558) 3% 
9-1 1 -Cyclopentenylfluorene (5.75, 4.659) 	 3% 
3-1 '-Cyclopentenyl-3-phenylindazole (5.69) 	 17% 
One anomalous experiment which could not be replicated 
gave the following percentages (by n. m. r.): 50:18:28:2:2. 	This 
crude mixture was hydrogenated (Pd/C/H 2 1 atm 16h) and the 
products were analysed by n. m. r. spectroscopy giving a ratio of 
48:40 for (diphenylm ethyl) cyclopentane:1 - phenylcyc lop enta[b]indane. 
(b) 	1, 2, 3, 3a- Tetrahydro- 1 0-phenylbenzo[c]cyclopenta[f]- 
1, 2J4azepine in perdeutero toluene 
Duplicate samples of the diazepine (100 mg, 0. 38 mmol) were 
dissolved in toluene (3 ml) and [ 2H8]toluene (3 ml), and both solu-
tions were boiled under reflux for twenty days.. 
1 	2H-Mixture. The deutero-solution was immediately analysed 
by n. m. r. spectroscopy and showed 3-diphenylmethylenepent-1-ene 
(6. 5 and 5. 9 C and equal integrals) and the indazole signals at 5. 68. 
A short alumina chromatography column [10 mm x 0. 15 m - benzene] 
Was used to separate the hydrocarbon products from the indazole and 
unchanged diazepine. Three-quarters of the hydrocarbon fraction 
was then hydrogenated (Pd/C/H 2 1 atm 16h). Ge-ms analysis (1% 
SE30; 2170 ) of the hydrocarbons and their hydrogenated derivatives 
showed the major components (95%) to be 3-diphenylmethylenecyclo-
pent- 1- ene and (diphenylm ethyl) cyclopentane respectively by com-
parison with the spectra of the authentic compounds 145 [see appendix 
9(i)]. 
2 	'H-Mixture. Toluene was evaporated from the solution and the 
residue was examined by n. m. r. spectroscopy which showed the same 
products as above though the signals for the cyclopent-1-ene were at 
6. 3 and 6. 1 S owing to the different solvent used. There was only 
a trace (5% of hydrocarbons) of another hydrocarbon product - the 
cyclopenta[b]indene at 4. 36. The hydrocarbon fraction was separated 
and hydrogenated as before and analysed by g.c.-m.s. (1% SE30; 
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2170) for comparison with, and calculation of the deuterium content 
of the corresponding products from the reaction in per deuterotoluene 
[see appendix 9(i)]. 
(c) 	1, 2, 3, 3a- Tetrahydro -1 0-phenylbenzo[c]çyclopenta[f]- 
[1, 2]diazepine in the presence of tributyiphosphine 
The diazepine (25 mg, 0. 096 mmol), in chlorobenzene (6 ml) 
to which was added tributylphosphine (100 mg, 0. 38 mmol) and 
diethyl phthalate (0. 12 g) as marker, was thermolysed at the reflux 
temperature for seven days. A control solution, omitting tributyl-
phosphine, was also heated. Samples (10 i.1) from both solutions 
were removed at convenient times for analysis by h. p.  1. c. [silica-
ether/hexane (1/1)]. The results are shown below; the initial 
concentration of starting material was always taken as 1000 units, 
for convenience, the value being independent of any rate constants 
that may be calculated. The calibration value for (D/I)*  was 
found to be 2. 65, from which 'I concentration' values were calculated. 




(mm) +Bu 3P no Bu 3P + no + no + 
0 2.375 2. 02 0 0 1 000 1 000 0 
1 110 0.955 1. 14 0.235 0. 237 402 563 261 
r407 3 975 0.249 0. 349 0. 307 0. 310 105 173 342 
7 155 0.140 0. 192 0. 230 0. 273 59 95 257 
8 655 0.119 0. 182 0.197 0. 240 50 90 220 	315 
* D = diazepine, I = indazole, M = marker, (D/I) 	relative 
extinction coefficient. 	
rec 
Chromatography [alumina: 10 mm x 0. 15 m - benzene] of both 
mixtures separated the hydrocarbons from the nitrogen-containing 
compounds. Four mixtures were thus obtained and to each was 
added an equal volume of 2-cyano- trans -stilbene solution (g. 1. C. 
marker). These mixtures were then analysed by g. 1. c. (1% SE30; 
2100) to obtain percentage yields of the hydrocarbon products; a 
mixture of the diazepine and the indazole did not give any products 
on the g.l.c. machine. 
Integration 	areas 
Condition 3-diphenylm ethyl ene-- 1, 2, 3, 8-tetrahydro-8- cyano 
cyclopent- 1- ene phenylcyclopenta[b]- stilbene 
indene 
No Bu 3P 257 18 20 
+ Bu 3P 8 19 20 
A repeat.thermolysis, omitting diethyl phthalate, gave an oil 
which was shown by n. m. r. spectroscopy to contain 2-diphenylm ethyl ene-
cyclopentanone hydrazone 46 (singlet at 4. 9S, N-H); there were no 
signals at 6. 2 E for 3-diphenylm ethyl enecyclo pent- 1-ene. The crude 
mixture was chromatographed [alumina: 25 mm x 1. 2 m - petroleum! 
ether (2/1)] in order to extract the hydrazone, but only oils and tars 
(tributyiphosphine interference) could be obtained, which had un-
characterised n.m. r. signals. 
An attempt was made to analyse a standard solution of the hydrazone 
by h. p.  1. c. but on alumina [ether/hexane (2/1)] no components were 
eluted, whilst on silica the chromatogram showed a very broad peak 
ending with a smaller sharp peak, indicative of decomposition of the 
hydrazone on the column. 
1(u) 1, 2, 3, 3a- Tetrahydro- 10-phenylbenzo[c][3, 3- 2H2]ylopenta-
[f][1, 2]diazepine. 
The deuteriated diazepine (100 mg, 0. 38 mmol), in chlorobenzene 
(5 ml), was thermolysed for seven days. The solvent was evaporated, 
and the iesultant brown oil examined by n. m. r. spectroscopy 
which showed the 3- diphenylm ethyl enecyclopent- 1- ene signals at 
6. 3 and 6. 0 g (integral ratio ca 10:1) and the indazole signal at 
5.6cS (cyclopent-1-ene:indazole ca 5:2). Dry column chromato-
graphy [alumina: 10 mm x 0. 30 m - petroleum] separated the 
hydrocarbon fraction (60 mg) from the indazole, diazepine and 
polymeric material (31 mg). The hydrocarbon fraction afforded 
a colourless solid of m. p. 44-460 — 3-diphenylmethylenecyclopent-
1-ene-d (lit., 144 m.p. 48-50°), (Found: m/e234. 137188. 
C 18 H14 D 2 requires 234. 137749). The solid was hydrogenated 
(Pd/C/H 2 1 atm 6. 5h), and the product, (diphe))m ethyl cyclo-
pentane, and the cyclopent-1-ene were analysed by g. c. -m. s. 
(1% SE30; 217 0) [ see appendix 9(iii)], giving a deuterium content 
of 53% (7:79:14 for d 0 ;d 1 :d 2). A repeat thermolyis produced the 
cyclopent-1-ene of composition 2/58/39 for d 0 /d 1 /d 2 . 
2(a) 1, 2, 3, 3a-Tetrahydro-6 -methoxy- l0-m-methoxyphenylbenzo-
[cçyc1openta[f][1, 2]diazepine 
The benzodiazepine (252 mg, 0. 79 mmol), in chlorobenzene 
(30 ml), was thermolysed at the reflux temperature for 180 mm; 
h. . p. 1. c. [silica- ether/hexane (4/1)] showed little (5%)  of the 
starting 6-methoxydiazepine. The solvent was evaporated and the 
residual yellow oil (245 mg) separated by chromatography [alumina: 
20 mm x 2.5 m - petroleum/ether (1/3)] from which pure (by 
h. p.  1. c.) 1, 2, 3, 3a-tetrahydro-8-methoxy- 10-rn-methoxyphenyl-
benzo[c]cyciopenta[fl[1, 2]diazepine (70 mg, 28%) was extracted as 
a yellow glass; this could not be crystallised. ' H N. m. r., 
13 
 C 
n. m. r. see appendices 7(i), 7 (iii); these spectra were the same 
as authentic samples of the 8-methoxydiazepine. 
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 A mixture of 
the 8-methoxydiazepine and 3-1 '-cyclopentenyl- 7-methoxy- 3-rn-
methoxyphenylindazole was also recovered (5:1 ratio; 120 mg, 48%), 
giving an overall yield of 68% for the 8-methoxydiazpine. The other 
isomeric indazole (3-1 '- cyclopentenyl- 5-methoxy- 3-rn-methoxy- 
phenylindazole) was observed by h. p.l.c. in ca "2%  yield. 
(b) 1, 2, 3, 3a- Tetrahydro-6 - methoxy- 1 0-m-methoxyphenylbenzo-
[c}cyclopenta[f][l, 2]diazepine in the presence of tribuyl-
pho sphine. 
The diazepine (53 mg, 0. 17 mmol) was dissolved in chioro-
benz ene (10 ml) to which was added tributyiphosphine (0. 1 ml: 80 
mg, 0. 3 mmol) and diethyl phthalate (108 mg). The mixture was 
heated at the reflux temperature and the rearrangements were 
monitored by h. p.l.c. [silica- ether/hexane (4/1)]. A calibration 
mixture of the 6-methoxydiazepine, the 8-methoxydiazepine and 
the 7-methoxyindazole was used to obtain the relative concentration 
values. A comparison with the corresponding kinetic experiment 






area ratio relative to marker relative concentrations 
17* 1031   D8 D6 17 15 D8 D6 
1 1 0 0 0.178 4.11 0 0 41 959 
2 22 19 - 0.795 1.02 15 - 185 238 
3 42 - - 0.915 0.212 - - 213 49 
4 86 - 15 1.04 0.080 - 12 242 19 
5 180 41 40 1.01 0.060 32 32 235 14 
6 1440 29 57 0.761 0.039 23 45 177 9 
* 
17 = 3-P -cyclopentenyl- 7-methoxy- 3-rn-methoxyphenylindazole. 
15 = the 5-methoxyindazole. 
D8 = the 8-methoxydiazepine. 
the 6-methoxydiazepine. 
M 
ACIDIC DECOMPOSITIONS OF 1H-2, 3-BENZODIAZEPINES 
AND 1- trans- 2t-STYRYLPHENYLETHANOL 
1(a) 1-Methyl-4-phenyl JH- 2, 3-benzodiazepine in benzene 
The diazepine (500 mg, 2. 14 mmol) was dissolved in benzene 
(250 ml) containing toluene-4-sulphonic acid (406 mg, 2. 14 mmol),. 
and heated at the reflux temperature for 48 h. ' H N. m. r. analysis 
of the product mixture before and after chromatography [alumina: 
20 mm x 1. 2 m - petroleum/ether (2/1)] showed 1-methyl-4-phenyl-
5H-2, 3-benzodiazepine (26%, 26% after chromatography), 1-methyl-
2-phenylindene (0. 3%, 3 . 8 %), 2-vinyl-trans-stilbene  (46%, 32%), 
3-methyl- 2-phenylindene (2.4%, 1.3%), unknowns and residue ( 25%, 
21%). All the named compounds were characterised by comparison 
with authentic spectra, and the unknowns showed n. m. r. signals 
at 3. 00 2. 3, 1.6 and I. 26. 
Under control conditions, 2- vinyl- trans -stilbene (31 mg, 0. 15 
mrnol) was dissolved in benzene (25 ml) containing toluene-4-
suiphonic acid (41 mg, 0. 32 mmol) and boiled under reflu.x. After 
eight hours a quantitative cyclisation to 1- methyl- 2- phenylindene 
was observed by g. 1. c. (1% SE30; 185 °). The 5H-diazepine (15 mg, 
0. 06 mmol) was then added but no further reaction had occurred 
after 24 h. The usual work up'gave an oil (3-methyl- 2-phenyl-
indene was now present in 1:8 ratio to 1-methyl- 2-phenylindene) 
which was bulb distilled to give 1-methyl- 2-phenylindene (25 mg), 
m.p. 56-58° (authentic m. p. 54-56 ° ) and had g.l.c. t   identical 
with authentic 1-m ethyl- 2-phenylindene; (Found: m/e 206. 108 355. 
C 16 H 14 requires 206. 109 545). 
(b). 1- Methyl-4-phenyl- 1 H- 2, 3-benzodiaz epine in ethanol 
The diazepine (498 mg, 2. 13 mmol) was dissolved in ethanol 
(250 ml), containing toluene-4-sulphonic acid (259 mg, 1. 54 mmol), 
and the solution was heated at the reflux temperature for 45 h. A 
green oil was separated by dry column chromatography [silica: 15 
mm x 1. 0 m - petroleum/ether (4/1)] giving the 5H-diazepine (80 mg, 
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16 %), 1-.methyl-2-phenylindene (45 mg, 9%),  residues and unknowns 
(190 mg, 39%),  1-trans - 2'-s tyryiphenylethyl ethyl ether (175 mg, 
36%) (Found: m/e 252. 150066. C 18 H20 0 requires 252.151408); 
9 (CDC1 3 ) 4.80 (q, J 6.5Hz, C-I-I), 3.40 (q, J 7Hz, CH 2), 1.3 
(6H, 	 . m); V max 2970, 2930, 2880 cm 	
1
1 (CH), 1600 cm 1 (C=C), 
1120 cm 	(C-O), 760, 692 cm 	(aromatic H); m. s. see 
appendix 10. The residue and unknowns gave n. m. r. signals at 
6. 2, 3. 0, 2. 8 and 2. 3.6. 
A mixture of the two indenes and the vinyistilbene (59 mg, 0. 28 
mmol; 11/8 percent ratio for 1-Me/3-Me indenes) when boiled for 
65 h in ethanol (30 ml) containing toluene-4-sulphonic acid (54 mg, 
0. 28 mmol) gave complete loss of 2- vinyl- trans -stilbene without a 
corresponding increase in the indene peaks or a change in their 
ratios. 
A repeat decomposition of the diazepine after 17. 5h showed, 
by n. m. r. spectroscopy, the unchanged 1H-diazepine (20%),  the 
5H-diazepine (20%),  the ether (60%) and no signals for the three 
hydrocarbons. The uncharacterised signals at 3. 0 and 2. 3 6 were 
again observed. 
(c) 1-Methyl-4-phenyl-1H-2, 3-benzodiazepine in acetic acid 
The diazepine (501 mg, 2. 14 mmol) was dissolved in glacial 
acetic acid (250 ml) and heated under reflux for 36 h. The acid 
Was evaporated under reduced pressure leaving a yellow oil which 
was examined by n. m. r. spectroscopy which showed 1-methyl- 2- 
phenylindene (2%), 2-vinyl- trans- stilbene (34%),  1-trans - 2'- styryl-
phenylethyl acetate (64%), but no 5H-diazepine. The acetate had the 
spectrum identical to that of the authentic acetate. Chromatography 
[alumina:15 mm x 1.0 m - ether] provided three fractions (the 
percentage of each compound was found by n. m. r. spectroscopy). 
Fraction 1. (1 22 mg, 26%);  1-methyl- 2- phenylindene (5%), 
2-vinyl-trans- stilbene (18%),  3-methyl- 2-phenylindene (2.5%). 
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Fraction 2. (135 mg, 29%);  the 1-2t-ethyl acetate ( 21 %), 
1 -trans- 2'- styrylphenylethanol ( 8 %); '-d max1735 cm- 
1 
 (C0). 
Fraction 3 (214 mg, 45%);  the 1-2'-ethyl acetate (3%), 
the 1-2'-ethanol ( 42%). 
The n. m. r. spectrum of the total reaction mixture did not 
show the presence of 1- trans- 2'-styrylphenylethanol. 
(d) 1-Methyl-4-phenyl- 1H- 2, 3-benzodiazepine with [Q-
toluene-4-sulphonic acid 
The diazepine (100 mg, 0.43 mmol) and toluene-4-sulphonic 
acid-d 1 (80 mg, 0.43 mmol; prepared by dissolving toluene-4-
suiphonic acid (2 g) in deuterium oxide (3 g) and evaporating the 
water) were dissolved in benzene (50 ml), and heated for 44 h. The 
usual extraction procedure afforded a brown tar which was shown 
(n. m. r.) to contain 2-vinyl- trans -stilbene and the 5-diazepine 
(2:1 molar ratio, 75%),  and the two indenes contributed only 3% 
in near equal quantities. Uncharacterised signals at 2.2 and 1. 28 
(ca 18% and 4%) were also observed. Dry column chromatography 
[alumina: 20 mm x 0. 50 m - petroleum/ether (3/1)] yielded two 
fractions. 
Fraction 1 (35 mg); 2-vinyl- trans -stilbene. The deuterium 
content of this vinyistilbene was obtained by comparison with 
non-deuteriated 2-vinyl- trans -stilbene, using g.c.-m.s. (1% 
SE 30; 200° ) [see appendix 4(iv)]. 
Fraction 2 (27 mg); 1-methyl-4-phenyl- 5H- 2, 3-benzodiazepine, 
m. p.  135-137° (lit. 
,56 
 m. p.  136-140° ). G. c. -m. s. analysis 
again gave the deuterium content [see appendix 4(iv)I. 
2(a) l-Benzyl-4-phenyl-lH-2, 3-benzodiazepine in benzene 
The diazepine (500 r -ig, 1. 6 1 mmol) was dissolved in benzene 
(250 ml) containing toluene-4-suiphonic acid (308 mg, 1.61 mmol), 
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and heated under reflux for 40h. The usual work up yielded a 
green oily solid (from which a solid (34 mg, 7%) was filtered) 
which was separated by column chromatography [alumina' : 15 mm 
x 1. 0 m - petroleum/ether (2/1)] giving two fractions. 
Fraction 1 (194 mg, 38%; +7%);  trans, trans- 1, 2-distyrylbenzene 
m. p. 116-118° (lit. 
,142 
 120-122° , mixed-melt 118-119 °). 
Fraction 2 (262mg, 52%);  1-benzyl-4-phenyl-5H-2,3-benzo- 
diazepine m. p.  142-145
0 




The n. m. r. spectrum of the crude mixture showed that the 
5H-diazepine provided, by far, the largest non-aromatic signals, 
indicating a low concentration of indenes. The pair of doublets at 
5.8 and 5. 2 & was absent •there was a singlet at 2 2 & (ca 30% of 
5H- diazepine). 
(b) 1-Benzyl-4-phenyl- 1H- 2, 3-benzodiazepine in ethanol 
Th diazepine (500 mg, 1. 61 mmol) was dissolved in ethanol 
(250 ml) containing toluene-4-suiphonic acid (308 mg, 1.61 mmol), 
and heated under reflux for 65h. The usual work up yielded a red 
oil (501 mg) which was examined by n. m. r. spectroscopy, and 
separated by dry column chromatography [alumina: 25 mm x 1. 0 m 
- petroleum/ether (6/1)]. 
Fraction 1 (128 mg, 37%),  yellow oil; (Found m/.e 328. 183508. 
C 24 H24 0 requires 328. 182706); S (CDC1 3) 4. 79 (d-d, J 6 Hz, 
J' 7Bz, C-H), 3. 37 (d-q, J 7Hz, J' 1 Hz, CH 2), 3. 01 (double 
d- d, 3 13 Hz, J' 6Hz, J" 7 Hz, CH 2), 1.12 (t, J 7Hz, CH3 ); 
max 1 100 cm 	(C -0); m. s. see appendix 10. This compound 
was formulated as 1-2 t.-s tyryiphenyl- 2- phenyl ethyl ethyl ether and 
was deemed to be ca 95% pure, the impurity being the substance 
of fraction 2 giving a signal at 4. 7& 
Fraction 2 (56 mg, 16%),  yellow oil; S (CDC1 3) 8. 1 (4H, m), 






Table 1. Acid decompositions of 1- trans -2'- sty ryiphenylethanol 
weight (mg) of ratio acid to time 	(h) 	of 1-Me-2-Ph- 2-vinyl- 3-Me-2-Ph- * 
l-2'-ethanol 1-2 1 -ethanol decomposition indene % stilbene % indene % 
50 4.69 0.01 76 0 24 g 
0.5 69 0 31 g 
6.0 26. 0 68 g 
105 1.0 41 95 0 5 H 
479 1.0 48 91 0 9 H 
55 0.27 2 41 58 1 g 
20 - - 100 g 
537 0.10 1.0 16 84 - g 
3.0 16 84 - g 
15 85 - H 
51 0.095 1.0 35 65 - g 
22 49 0 51 
54 38 0 62 g 
43 0 57 H 
* 
method of calculations of percentages g = g. 1. c. 	H = 'H n. m. r. 
I 
95 
J 7 Hz); V 	1025, 1070, 1 180 cm- 
1 
 (C-O). This 
max 
substance was unidentified. 
Fraction 3 (156 mg, 46%), yellow oily solid; 1-benzyl--4-phenvl-
5H-2, 3-benzodiazepine (crystallised 25 mg, m.p. 147-14S ° - 
authentic m. p. 148-149° ) and polymeric material. 
The n. m. r. spectrum of the crude product mixture gave the 
ratio of the 5H-diazepine to the 1-2'-ethyl ether as 1:3, therefore 
the yield of the 5H-diazepine is 12% and polymeric material would 
constitute the remaining 34% (of fraction 3). 
3(a) 1-trans- 2'-Styrylphenylethanol 
1 -trans -2'- Sty rylphenylethanol was decomposed by various 
concentrations of toluene-4-sulphonic acid in boiling benzene (0. 1 
to 0. 3% solutions of the 1-2'-ethanol). 	To extract the products, 
the cooled solution was washed with water, dried over magnesium 
sulphate, and evaporated. The products, already identified, ob-
tained were 1 -methyl-- 2-phenylindene, 2-vinyl- trans - stilbene and 
3 -m ethyl- 2- phenylindene, and their percentages were measured by 
g. 1. c. [g] (2. 5% NPGS; 200 0 . 4% APL; 2150 ) or by ' H n. 
spectroscopy [H]; see Table 1. 
In reaction 3 the 1-2 1 -ethanol gave on work up a pale yellow 
oil (94%) which was shown by g. 1. c. to contain only the two indenes. 
In reaction 5 the 1_21_ethanol  gave on work up'a colourless 
oil which was distilled to give a mixture (68%),b. p.  160-180 0 at 
2.5 mmHg, of the two hydrocarbons in the same ratio as before 
(16:83 byn.m.r.). 	 - 
(b) 1-trans -2'- Styrylphenylethanol in ethanol 
The 1-2'-ethanol (0. 958 g, 4. 28 mmol) and toluene-4-sulphonic 
acid (0. 582 mg, 3. 06 mmol) were dissolved in ethanol (500 ml) and 
heated under nitrogen for 37h. The usual work up afforded a pale 
yellow liquid (0. 826 g,  94%) which was distilled. 
M. 
Fraction 1 (418 mg, 47%), b. p.  160-1800 at 0. 5 mmHg. 
The n.m.r. spectrum showed 1-m ethyl- 2-phenylindene (80%), 
2-vinyl- trans- stilbene (4. 1%),  3-methyl- 2-phenylindene (3. 6 
%) and 1 -trans -2t-styrylphenylethyl ethyl ether (12. 5%) 
(identified by comparison with the spectra from the corres-
ponding diaz epine decomposition). 
Residue, 402 mg (46%). 
A repeat decomposition for 9h gave an oil which was analysed 
by g. 1. c. (4% APL; 210 °) and by n. m. r. spectroscopy. Each 
method gave different percentage yields for the products showing 
that there was decomposition of the 1-2'-ethyl ether ; 1-methyl- 2-
phenylindene 65% (58% by g. 1. c.), 2-vinyl- trans- stilbene 2% 
(5. 2%), 3-m ethyl- 2-phenylindene 8% (30%),  1-lrans-2'-styryl-
phenylethyl ethyl ether 25% (7.5%). 
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EXPERIMENTAL: C KINETICS 
Page No 
A 	THERMAL DECOMPOSITIONS OF 1H-2, 3- 
BENZODIAZEPINES 	 98 
1 	1 -Methyl-4-phenyl- 1H- 2, 3-benzodiaz epine at 
117.7° , 	 98 
127.7° 	 100 
2 	4-Phenyl-1H-2, 3-benzodiazepine at (i) 117. 7 ° , 	100 
(ii) 108 0 9 	 101 
(iii) 80° 	 101 
B THERMAL DECOMPOSITIONS OF BENZO{c]- 
[1,2]DIAZEPrNES AND 3H-INDAZOLES 102 
1 1 1 2,3, 3a-Tetrahydro-10-phenylbenzo[c]cyclo- 
penta[f][1, 2]diazepine in (1) hexadecane, 103 
(ii) 	benzonitrile 104 
2 3-1 '-Cyclopentenyl-3-phenylindazole in 
(1) 	hexadecane, 104 
(ii) 	benzonitrile 104 
3 1, 2, 3, 3a-Tetrahydro-7-methyl-10-p-tolylbenzo- 
[c]cyclopenta[f][1, 2]diazepine 105 
4 1, 2,3, 3a-Tetrahydro-7-methoxy-10-(p-methoxy- 
phenyl)benzo[c]cyclopenta[f][ 1, 2]diaz epine 105 
5 1, 2, 3, 3a-Tetrahydro-6-m ethyl -10-rn-tolylbenzo- 
{c}cyclopenta[f][1, 2]diazep3'ne 106 
6 1, 2, 3, 3a- T etrahydro-6-methoxy- 1 0-(rn-methoxy- 
pheny1)enzo[c]cyc1openta[f][ 1, 2]diazepine 106 
A 2, 3-Benzodiazepines 
To follow the thermal decomposition of these compounds the 
reactions were monitored by ' H n. m. r. spectroscopy. The 
general method involved weighing the diazepine and marker (1,4-
di-t-butylbenzene) into an n. m. r. tube and adding dry solvent 
(diphenyl ether). The mixture was gently warmed to attain disso-
lution of the solids before the n. m. r. spectrum was recorded. 
Integration was carried out five times and the mean values were 
quoted. 
The n.m. r. tube was then transferred to a heated bath and 
left at constant temperature for an appropriate length of time, in 
the dark, before being removed to have the spectrum retaken. 
And so on until decomposition neared completion. 
Analysis of the kinetic data was done by plotting the relevant 
graphs to obtain rate constants (see Discussion). 
1(i) 	1-Methyl-4-phenyl-1H-2, 3-benzodiazepine at 117. 7 ° . 
The benzodiazepine (45 mg, 0. 194 mmol) and di-t-butylbenzene 
(4. 7 mg, 0. 025 mmol) were weighed into an n. m. r. tube and diphenyl 
ether (0. 6 ml) was pipetted in. The n. m. r. tube was immersed in a 
bath of boiling butan- l -ol (117. 7 + 0. 9 ° ), and the spectrum taken at 
appropriate times. An intermediate spectrum is shown overleaf. 
As can be seen, two difficulties are encountered. 
Structure 6 contains disappearing 1H-diazepine and appearing 
3-methyl-2-phenylindene. To calculate the concentration of lI-i-
benzodiazepine the integral for 2 was measured and one-and-a-half 
times this integral was subtracted from the integral for 6. At the 
end of the thermolysis, the residue for the 1H-diazepine was 2. 5 + 
2. 5%,  showing that this method is valid. 
Structure 7 incorporates the appearance and disappearance of 
1-methyl- 2-phenylindene. To obtain the correct integral for the 
marker peak only, the integral for the single observable peak of 1-




4.0 	 3.0 	 2.3 	 1.3 
1 1 3 	5H-benzodiazepine 
	
1 H each appearing 







2 H appearing 
1 H disappearing 
3 H appearing 
3 H disappearing 
3 H appearing 
constant 








[ 1 J 2±log [ 1 ] 
0 0 2.090 0 2.090 2.320 
900 0. 277 1.520 0.022 1.487 2.172 
2480 0.531 0.919 0.038 0.862 1.936 
4 706 0.752 0.555 0.092 0.417 1.620 
6 100 0.838 0.437 0. 109 0. 273 1 436 
7558 0.889 0.388 0.129 0.194 1.288 
9 979 0.980 0. 352 0. 145 0. 131 117 
14210 1.140 0.382 0.225 0.044 0.644 








{iJ Z+log [Ili] 
0 0 1.533 0 1.533 186 
205 0. 150 1. 362 small 1. 362 2.134 
632 0.345 0.841 0.050 0.766 1.884 
1 052 0.440 0.608 0.086 0.479 1.680 
1 971 0.630 0.496 0. 186 0. 217 1. 337 
2909 0.652 0.534 0.271 0.128 1.106 
3854 0.708 0.567 0.316 0. 093 0.980 
100 
signal of the marker) was subtracted from the integral of the 
combined signals due to the marker and 1-methyl- 2-phenylindene. 
At the end of the reaction (time = infinity), only the singlet of the 
marker remained in this region. 
The ratios of various peaks, relative to the marker are shown 
in Table 2. 
At the end of the thermolysis the percentage of two products 
may be determined, viz: the 5H-diazepine and 3-methyl- 2-phenyl-
indene. 	 - 	- 
5H-diazepine 	= 	.-: 	 5001. 
3-methyl- 2-phenylindene = 0.382 3 
 2. 09 
X % 	25% 
(ii) 1-Methyl-4-phenyl-1H-2, 3-benzodiazepine at 127. 70• 
The benzodiazepine (70 mg, 0. 30 mmol) and marker (5. 7 mg) 
were sealed in an n. m. r. tube containing diphenyl ether (0. 6 ml), 
and heated in anoil-bath (127. 7 + 0. 3 0). Spectra were taken at 
appropriate and convenient times, and the results - integral ratios 
with respect to the marker - are shown in Table 3. 
The percentage of products can be measured as before: 
5H-diazepine 	= 	0.708 	% 	49% 
1.533-0.093 
3-methyl- 2-phenylindene = 0.316 	 % = 22% 1.533-0.093 
2(i) 4-Phenyl-1H-2, 3-benzodiazepine at 117.70 
The benzodiazepine (70 mg, 0. 32 mmol) and marker (6. 5 mg) 
were weighed into an n. m. r. tube, and diphenyl ether (0. 6 ml) was 
added. The decomposition at 117. 7 ° (oil bath) was then followed 




integral 	ratios 2 + log [1H] 
2-Ph-indene l-diazepine 
67 0.123 0.420 1.623 
127 0.202 0.302 1.480 
277 o.267 0.189 1.276 
412 0.314 0.134 1.127 
608 0.276 0.067 0.826 
798 0.277 0.034 0.531 
1 033 0.306 0.029 0.462 




integral 	ratios 2 + log [iU] 
2-Ph-indene 1-diazepine 
1 0 0.517 1.713 
95 0.064 0.447 1.650 
575 0.130 0.270 1.431 
1 5,07 0. 182 0. 128 1. 107 




' 	integral 	ratios, 1 + log [i] 
2-Ph-indene 11-1-diazepine 
0 0 2.74 1.438 
3.74 1.573 
850 0.16 3.54 1.549 
2 380 ' 	0.19 3.16 1. 500 
5 250 0.21 2.71 1.433 




diazepine (doublet at 3. 06) and that of the marker - Table 4. 
Several smaller signals were also measured but were not 
characterised. 
2(u) 	4-Phenyl-1H-2, 3-benzodiazepine at 108
0 
. 
The diazepine (62 mg, 0. 28 mmol) and marker (6. 3 mg) 
were weighed into an n. m. r. tube, and diphenyl ether (0. 7 ml) was 
added. The decomposition at 108 ° (silicone-oil bath) was then 
followed as usual - Table 5. 
2(iii) 	4-Phenyl-1H-2, 3-benzodiazepine at 80
0 
. 
The diazepine (50 mg, 0. 23 mmol) and marker (3 mg) were 
weighed into an n. m. r. tube, and diphenyl ether (0. 7 ml) was added. 
The decomposition at 80 ° (boiling benzene bath) was followed as 











B 1, 2-BENZODIAZEPThEES 
The course of the isomerisation between benzodiazepines and 
indazoles was followed by high pressure liquid chromatography 
using alumina or silica columns and eluting with dichloromethane/ 
ether/hexane mixtures. Hexane refers to 50% water-saturated 
hexane. The instrumentation has already been described. 
Preliminary experiments have been carried out 
144 
 to find a 
suitable marker (diethyl phthalate) and this marker was used for 
all the kinetic studies. The separation of the three relevant 
components i. e. indazole (I), diazepine (D) and marker (M), varied 
depending on the polarity of the diazepine and indazole, and of the 
eluting solvent. A calibration experiment to determine the relative 
extinction coefficient (rec), at 254 nm, of the diazepine and its 
corresponding indazole was carried out during the analysis of the 
samples. This procedure was followed because it was found that 
the extinction coefficients changed slightly with the composition of 
the eluting solvent. In all the cases the diazepine was found to have 
a greater extinction coefficient than the indazole (by a factor of 2 
to 4). 
The experimental equipment was designed to incorporate a 
motor-driven external stirring device for an internal magnetic 
follower (see opposite) the whole unit to be immersed in a thermo-
stated oil-bath. The reaction vessel was designed so that its 
internal diameter was just larger than a small magnetic follower, 
and its height to the condenser input arm such that the volume to 
this side-arm was two or three times the volume of the added dry 
solvent (n-hexadecane or benzonitrile, 10 ml or 15 ml, delivered 
by a grade B pipette). 
Before immersing the reaction vessel in the silicone-oil-bath 
(130. 1 + 0. 20 ), the solution was warmed (below 100 0 ) and stirred in 




area 	ratios molar 	concs 
100D 1001 D I 
0 469 0 1000 0 
15 462 1.0 986 5 
30 436 8.7 930 47 
50 437 10. 5 932 57 
100 418 17. 5 892 95 
150 409 22.4 874 121 
225 372 34.7 794 187 
420 311 51.7 664 278 
465 283 53.5 604 288 
1 440 135 88.5 288 477 
1 605 132 89. 5 282 483 
1 800 119 89. 1 254 480 
1 920 113 89.3 242 482 
2 830 94.4 87. 2 202 470 
2 965 94.0 86.0 201 464 
3000 88.4 85.9 189 464 
4260 74.5 77.9 159 420 
4400 72.9 75.4 156 406 
4 600 70.8 73.7 151 397 
4800 67.6 72.7 144 392 
5750 64.0 64.5 137 348 
5 855 61.0 64.2 130 346 
• 	5 995 61.2 63.9 131 344 
6090 61.1 61.8 131 333 
6 225 59.4 60.7 127 327 
6375 - 	 59.5 59.6 127 322 




area 	- 	ratios molar 	concs 
100D 1001 D I 
0 500 0 1000 0 
5 495 0.8 990 4.2 
15 486 1.3 972 . 	 6.9 
30 464 2.5 928 13.3 
68 460 9.0 920 47.7 
94 468 10.5 936 55.7 
134 427 17.5 854 92.9 
193 421 23.3 * 	842 123 
243 374 29.3 748 155 
340 329 37.5 658 199 
1 103 177 78.5 354 416 
1 185 168 79.0 336 419 
1 283 159 82.0 318 435 
1 436 155 82.5 310 436 
1 560 139 79.2 278 430 
1 682 134 84.4 268 448 
1 800 130 85.0 260 449 
1 920 124 88.0 248 460 
2000 119 84.2 239 444 
2 120 112 	. 85.4 224 452 
2 200 118 85.0 236 451 
2 300 100 81.4 200 431 
2 360 103 83.0 206 440 
• 	2 718 96 83.5 192 . 	443 
3 060 90 81 181 429 
4 015 76 74 152 402 
4 440 71 68 142 377 
5417 62 62 125 330 
9730 36 38 72 190 
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particularly important for the methoxy- substituted diazepines 
which were not very soluble in cool n-hexadecane. 
Samples (40-50 i.l), taken using a 100 l syringe, were 
diluted with dichioromethane (0. 5 ml), stored at -20 0 and usually 
analysed at one time (during the second or third day of the reaction) 
to- decrease instrumental variations and increase consistency of 
results. Each sample was injected at least twice, with further 
injections if the product area ratios varied by more than 3%. The 
results were analysed using the computer programme CHECKMAT 148 
which gave the rate constants for the various reaction steps. A 
simulation programme, CHEK, 
148 
 was then used to obtain concen-
tration/time data from the calculated rate constants, and plots made 
from this data were compared with the experimental results. 
1(i) 1, 2, 3, 3a-Tetrahydro.-10-phenylbenzo[c]cyclopenta[fJ[l, 2]-
diazepine in n-hexadecane. 
run 1 
The diazepi.ne (154 mg, 0. 59 mmol) and diethyl phthalate 
(358 mg) were dissolved in n-hexadecane (15. 0 ml), and heated at 
130° . Samples (50 l), withdrawn at appropriatd times, were 
analysed by h. p. 1. c. [alumina-dichloromethane/hexané (2/5)]. 
(Table 7). The calibration sample gave (D/I)rec  2.65. 
The calculation of rate constants will be dealt with in the 
Discussion section, as will the calculations for all the following 
kinetic runs. 
run 2 
Diazepine (100 mg, 0.39 mmol) and diethylphthalate (220 mg) 
in n-hexadecane (10. 0 ml); Table 8. The calibration sample gave 





area 	ratios molar 	cones 
100D 1001 D I 
0 0 195 0 1000 
46 10 198 20 1012 
126 28 192 57 981 
1 040 104 148 212 759 
1 181 110 143 224 733 
1 343 112 139 228 711 
1506 111 133 225 683 
2508 106 119 216 610 
2620 113 117 229 598 
2753 112 115 228 587 
3 935 100 106 204 544 
4080 99 104 202 530 
4 173 100 100 '203 ' 511 
4 608 95 99 193 507 
8 185 63.3 71.2 129 367 
8 268 60.0 69.0 ' 	 122 353 
8 713 60. 0 66. 5 122 341 
9 875 53.0 59. 0 108 302 
10 071 53. 0 57. 0 108 292 
11 208 47.0 52.0 96 266 




area 	ratios molar 	concs 
lOUD 1001 D I 
0 0 180 0 1000 
30 4.0 174 7 972 
60 7.0 171 15 950 
190 23. 5 166 49 930 
340 39.0 154 82 855 
395 53.0 157 111 861 
600 64.5 149 157 833 
1410 88.3 127 191 694 
1 740 92.2 110 193 634 
1800 96.0 110 202 611 
2760 97.0 101 206 561 
3 000 95. 5 99 200 550 
4 280 78.0 87 164 484 
4420 83.5 83.5 175 464 
4610 78.0 80 164 444 
10020 38.0 39.4 77.6 V 	 219 
10 320 35. 5 37. 5 74.5 208 	V 
10465 35.5 38.0 74.5 208 
11 590 30.4 33.0 63.7 169 
15900 23.2 24.7 48.6 137 
20 060 13. 2 13.7 27. 2 76 
Table 10 
• 	 Time 
(mm) 
area 	ratios molar 	- 	 concs 
100D 1001 D I 
0 529 0 1000 .0 
15 525 1.0 993 5 
32 515 2.3 975 11 
62 498 4.6 944 22 
146 477 10.8 903 52 
233 447 16.0 846 77 
540 361 34.4 681 165 
777 311 45.5 588 218 
875 292 49.3 554 236 
1 000 265 53.0 501 254 
1 075 242 54.7 458 247 
1 647 177 69. 1 335 330 
1812 165 72.3 312 346 
2700 102 77.0 193 368 
2810 100 76.5 189 366 
3 035 89. 5 78.0 169 374 




area 	ratios molar 	concs 
100D 1001 D I 
0 457 0 1000 0 
12 442 2.6 968 10 
24 430 4.8 942 19 
36 423 4.5 927 23 
53 435 5.8 952 30 
72 423 5.2 927 27 
135 415 9.6 909 49 
166 400 11.0 876 57 
200 390 14.1 854 73 
250 380 16.6 835 85 
300 360 18.6 790 . 95 
400 330 25. 7 722 1.32 
1 270 178 50.0 390 256 
1465 174 57.7 380 295 
1 485 168 57.0 	. 368 292 
1 600 .. 	168 58.6 364 302 
1690 150 62.5 318 315 
1 950 138 62.5 302 320 
2 100 121 65.0 265 333 
2233 124 64.0 267 328 
2367 116. 67.8 . 	 253 347 
2500 111 67.0 242 343 
.2633 103 65.5 226 335 
3 150 82 65.5 180 335 
4275 59 66.0 128 338 
4 340 58 67.0 127 343 
5 850 43 64.0 99 328 
6 980 36 59.0 78 302 
8 815 29 53.5 64 274 
11 350 24 37. 1 52 190 
14 520 18 35.5 38 173 
Li 4 730 18 33.0 38 169 
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(ii) 1, 2, 3, 3a-Tetrahydro-10-phenylbenzo[c]cyclopenta[f][1, 2]-
diazepine in benzonitrile 
run 1 
Diazepine (150 mg, 0. 58 mmol) and diethyl phthalate (359 mg) 
in benzonitrile (15. 0 ml). Samples were analysed by h. p. 1. c. 
[alumina - dichioro methane/ ether/ hexane (2/1/7)]; Table 9. 
The inclusion of ether in the eluting solvent was required in order 
to separate the indazole from benzonitrile. Dilution with hexane 
of the dichiorom ethane /hexane eluant, merely resulted in longer 
retention times without separation of the required components. 
The calibration sample gave.'-.(D/I) 	= 2.34. 
rec 
run 2 
Diazepine (100 mg, 0.39 mmol) and diethyl phthalate (218 mg) 
in benzonitrile (10. 0 ml); Table 10. The calibration sample 
gave (D/I) rec = 2. 24. 
2(i) 3-. 1 '-C yclopentenyl- 3- phenylindazole in n-hexadecane 
run 1 
Indazole (100 mg, 0. 38 mmol) and diethyl phthalate (239 mg) 
in n-hexadecane (10.0 ml). The samples were analysed as usual; 
Table 11. .A calibration sample gave (D/I) 	= 2.64.
rec 
run 2 
Iñdazole (100 mg, 0. 39 mmol) and diethyl phthalate (230 mg) 
in n-hexadecane (10.0 ml); Table 12. The calibration sample gave 
(D/I) r cc = 2.52. 
2(u) 3- 1 '-Cyclopentenyl- 3-phenylindazole in benzonitrile. 
run 1 
Indazole (99 mg, 0. 38 mmol) and diethyl phthalate (215 mg) in 




area 	ratios molar 	concs 
100D 1001 D I 
0 0 221 0 1000 
59 - 221 1 999 
146 10.9 218 22 985 
236 18. 2 214 37 966 
316 25.2 201 51 907 
1 293 70. 2 182 141 822 
1 359 73.0 179 147 807 
1 619 78.4 173 158 782 
2 739 89. 2 156 179 704 
2915 87.1 152 175 687 
3 120 87.0 148 175 670 
7024 55.0 104 111 471 
7236 52.6 101 106 457 
7510 51.6 100 104 450 
8 660 44.9 89 90 404 
8 796 43.6 86 88 389 
8 916 43.7 85.5 87.5 387 
9 906 39 9 77.8 80 352 




area 	ratios molar 	concs 
100D 1001 D I 
0 0 232 0 1000 
14 - 231 3 996 
64 6.4 230 12 992 
120 15. 2 226 29 976 
243 19.9 219 38 944 
1 529 82.6 183 159 790 
1 771 86.8 176 167 759 
1 885 89. 0 175 171 756 
2815 94.9 161 182 697 
3310 94.7 156 182 673 
4 270 88. 3 144 170 ' 620 
4447 87.8 142 169 614 
4 783 	' 85. 1 136 163 586 
5706 77.2 126 148 543 
5842 76.4 125 147 542 
9 008 48. 7 93 94 401 
10235 35.3 84.5 68 	, 365 




area 	ratios molar 	cones 
lOOD 1001 D I 
0 563 0 . 1000 0 
34 576 5.3 1023 31 
1028 235 83.0 417 487 
1124 218 87.4 387 512 
1 392 185 89.8 326 526 
2467 140 93.9 249 550 
2644 136 86.5 242 507 
2915 130 86.5 231 507 
4 023 103 73. 1 183 428 




area 	ratios molar 	concs. 
100D 1001 D I 
0 791 0 1000 0 
30 760 4.4 961 23 
318 645 30.6 815 158 
429 590 38.0 746 196 
2 677 165 58. 1 209 299 
2 907 143 54.0 181 278 
3 166 126 46.0 159 237 
4115 96.5 38.7 122 199 
7 144 49.0 20.1 62 104 
8713 39.5 16.3 50 84 
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[alumina-di.chloromethane /ether /hexane (2/1/7)]; Table 13. 
A calibration sample gave (D/I)rec = 2. 25. 
run 2 
Indazole (100 mg, 0. 39 mmol) and diethyl phthalate (210 mg) 
in benzonitrile (10. 0 ml); Table 14. The calibration sample 
gave (D/I) rec = 2. 25. 
The conclusions from the comparison of all the rate constants 
will be in the Discussion section. 
3., 	1, 2, 3, 3a- Tetrahydro- 7-methyl- 10- p- tolylbenzo[c]cyclopenta - 
[f][ 1 , Z]diazepine. 
The diazepine (99 mg, 0. 34 mmol) and diethyl phthalate (204 
mg) in n-hexadecane (10. 0 ml). Samples were analysed by 
h. p.  I. c. [alumina - dichiorom ethane /hexane (3/7)]; Table 15. 
Calibration: diazepine (D) 17. 2 mg, indazole (I) 30. 0 mg, 





0.679. A second calibration of (D/M) could be 
obtained from the area ratios of the first sample of the kinetic 
run i. e. time = 0 mm (t sample). 
t 
o 	 area 
sample 	 (D/M) 	
rec 
5.63; (D/M) 	= 11.61 
calibration sample (D/M) 	= 4. 29; (D/M) 	= 11.03 
area 	 rec 
mean 	=11.3 
calibration sample (I/M) 	= 
area 	 rec 
2. 27, (I/M) 	= 3. 34 
- 11.3 	
3 38 (D/1) 
 rec 	3.34 
4. 1, 2, 3,3a-Tetrahydro-7-methoxy-10-(p-methoxyphenyl)-
benzo[c]cyclopenta[f][1, 21diazepine. 
The diazepine (156 mg, 0.49 mmol) and diethyl phthalate (230 




area 	ratios molar 	concs 
100D 1001 D I 
0 448 0 1000 0 
58 390 15.0 870 111 
228 256 47.7 571 353 
1 275 23.2 64.5 51.8 478 
1 753 16.6 62. 5 37.0 468 
3008 13.5 56.4 30.1 418 
4465 11.5 51.8 25.7 384 
6 265 9.6 44.2 21.4 327 
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h. p. 1. c. [alumina - ether/hexane (2/1)]; Table 16. 
Calibration: indazole 22. 9 mg, marker 31. 5 mg; (I/M). 
wt 
0.729, (I/M) 
area 	 rec 
= 2. 09, (I/M) 	= 2.87. 
The diaz epine /marker relative extinction coefficient was 
calculated from the t o sample. 
t 
o 	 wt 
sample (D/M) 	= 0.678, (D/M) a rea = 7. 91, 
(DIM) rec = 11.67. 
(D/I) 	
= 11.67 
 = 4. 07 
rec 	2.87 
1, 2, 3, 3a- Tetrahydro-6--methyl- 10- m- tolylbenzo[c]cyclo -
penta[f][1, 2]diazepine. 
run 1 
Diazepine (102 mg, 0. 35 rnmol) and diethyl phthalate (213 mg) 
in n-hexadecane (10. 0 ml). The samples were analysed by h. p.l.c. 
[alumina - dichloromethane/hexane (1/4)]; Table 17. 
Cälibration: diazepine 13. 0mg, indazole 19. 3 mg, 
marker 41..O mg. 
wt = 0. 317, (DIM) area = 3. 02, (DIM) 
rec = 
(I/M) 	= 
wt area 	 rec 
0.417, 	(I/M) 	 1. 35, (I/M) 	= 2.87. 
(D/I) 	= 
wt area 	 rec 
0.674, 	(D/I) 	= 2. 24, (D/I) 	= 3. 32. 
run 2 
Diazepine (101 mg, 0. 35 mmol) and diethyl phthalate (217 mg) 
in n-hexadecane (10. 0 ml); Table 18. 
1, 2, 3, 3a- Tetrahydro-6 -methoxy- 10- (m-methoxyphenyl)-
benzo[c]cyclopenta[f][1, 2]diazepine 
Diazepine (100 mg, 0. 31 mmol) and diethyl phthalate (140 mg) 
in n-hexadecane (10.0 ml). The samples were analysed by h. p. 1. c. 




 molar 	concentrations  
I D8 D6 17 
0 0 59 941 0 
52 0 78 •824 60 
118 5 102 730 123 
215 15 122 546 203 
409 29 140 321 294 
559 3.9 142 238 341 
1 535 88 91 62 379 
3 147 96 56 37 330 




17 	3-1 '-Cyclopentenyl- 7-methyl- 3-rn-tolylindazole 
D8 	1, 2, 3, 3a- Tetrahydro- 8-methyl-i 0-s- tolylbenzo[c]cyclo - 
penta[f][i, 2]diazepmne 	 - 






I D8 D6 17 
0 0 95 905 .0 
94 19 696 42 59 
169 39 662 9 59 
320 96 557 7.4 63 
426 112 591 5.7 54 
1 161 221 384 5.0 56 
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the marker, the unchanged 6-methoxydiazepine (D 6 ), 1, 2, 3, 3a-
tetrahydro- 8-methoxy-1 0-(rn-rnethoxyphenyl)b enzo[c]cyclopenta-
[f][1, 2]diazepine (D 8 ), 3-1 '-cyclopentenyl-7-methoxy-3-(rh-
rnethoxyphenyl)indazole (1 7)and 3-1 '-cyclopentenyl- 5-methoxy- 3-
(rn-rn ethoxyphenyl)indazole (1 5); Table 19. 
Calibration: the 7-methoxyindazole (1 7) 11.5 mg, the 6-
methoxydiazepine (D 6 ) 3.4 mg, the 8-methoxydiazepine (D 8 ) 
13.3 mg. 
(I7/D6) = 	3. 38, 6)wt 
	= 	3.91. 
/D ) (I 7 	6 area 
= 	0.983, 	(D 
8 
ID ) 	 3.85 6 area 
/D ) (I 7 	6 rec 
= 	0. 291, 	(D 
8 
ID ) 	= 	0.985 6 rec 
(D 	/1) = 	3.44, 	(D ID ) 	 1.0 6rec 	 it 
(D8/D6)rec was found to unity, within experimental error, 
so it was assumed that (I 
7 5rec 
II ) 	would also be unity. 
The C}-IECKMAT programme used for the previous one-
equilibrium reactions was modified to accommodate the three 
equilibria in this kinetic run. 
0 
APPENDIX 1(i). 












302 - 3.2 
301 0.3 24.3 
300 2.9 100 
299 22.15 16.5 
298 100(80) 1.1 
297 0.35 0.3 
296 0.35 - 
94 5.0 7 
93 8.7 100.0 
92 14.3 31.4 
91 100.0 29.8 
9d 7.3 10.0 
89 34.7 34.9 
,300 group: d0=0.6, d 1=8' d2=83.5, d3=2.1% 
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APPENDIX 1(il). 
TO SYLHYDRAZ ONE S (for 2,3-benzodiazepines).  -,--j 
N.m.r. spectra. 
	 ccNNHT 
compound R1 R2 resonance s tructure integration assignment 
A.2 H H 8.81 s 1 H N-H 
5.6-5.1 d-d,J 2 •2 H alkenic 
3' 	10 
d.-d,J 	2 protons 
J"15 
2.33 $ 3H  CH 
A.3 Ph H 2.35 s 3 Ii CH  
A.4 Ph CH  2.31 s 3 H tolyl-CH3 
2.20 s syn-CH 3 
2.14 s H anti -CH  3 
A.5h Ph PhCH2 2.3 S 3 H CH  
3.7 s 2H CH  
A.5d1 Ph PIICD2 2.3 s 3,H CH  
3.7 s 0.2 H benzyl-CH2 
(90%D) S 
A.5d2 Ph PhCD2 2.3 s 3 H CH  
3.7 s 0.3 H berizyl-CH2 
A.5d3 Ph PhCD2 2.3 s 3 H CH  










compound R resonance structure integration 
assignment 
A.6 H 7.9 m 2H H0 
6.91 s 1 H FiB 
6.35 d,J 9 1 H 
3.00 d,J 9 lii FIA 
A.7 CH   7.9 m 2 H H0 
• 6.93 s 1H 	• 
2.93 q,36 1H HA 
2.32 d,J6 3H CH 3 
A..8h PhCH2 4.5 d-d,J' 	9 1 H Ht 
J" 14 
3.9 d-d,J 4 1 H H" 
J" 14 
3.1 d-d,J 4 1 H HA 
J I 	9 
A.dl PhCD2 4.7-3.8 m 0.30 H benzyl- 
(85%D) protons 
3.06 bs 1H HA 
A.d2 PhCD2 4.6-3.8 m 0.45 H benzyl- 
(770) protons 
3.06 bs 1H HA 
A.d3 PhCD2 4.7-3.7 m 0.39 II benzyl- 
(80%D) protons 
3.05 • 	 bs 1H HA 
111 
APPENDIX 2(u). 
1H-2 , 3-BENZODIAZEPINES. 
Mass spectra. 
A.6 R=H 






compound m/e (relative abundance) 
A.6 220(0.7) 9 	192(100), 	165(16)9 	152(2.4), 	139(2.5), 
115(15), 	.94.5(9.3.). 	. 	 . 







286 - 3.3 
285 - 23.4 
284 3.9 100 
283 25.0 	. 26.0 
282 100 14.1 
281 0.4 - 
d0 = 10.8 9 d 1 = 17.0, d2 = 72.3. D = 80.8%. 
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APPENDIX 2(u) continued. 
A.8h A.8d2 A.8d3 
nVe relative abundance relative abundance relative abundance 
70 eV 13 eV 70 eV 13 eV 70 eV 13 eV 
313 10 16 31.3 37 29 40 
312 13 55 91 100 82 100 
311 28 29 100 65 100 50 
310 100 100 47 18 55 20 
309 74 4 13 4 24 4 
308 15 - - -. - 
286 - 3.5 3.0 
285 0.6 23.5 23.7 
284 3.8 100 100 
283 27.3 53 30.2 
282 100 7.5 8.5 
281 - 0.4 0.6 0.6 
95 - 0.7 0.9 
94 7.7 8.3 
93 0.5 100 100 
92 8.1 60.8 37.0 
91 100 13.2 14.1 
90 1.0 2.4 2.5 
8 9 4.0 4.1  3.7  
A. 8d2 	284 group: d0=5.1, d1=35.2, d2=59.7% 	D = 77.3% 
93 group: d0=5.4, d1=36.2, d2=58.4% 	D = 76.5% 
A.8d3 	284 group: d 0=6.6, d 1=2l.4, d 2=72.0% D = 82.7% 
93 group: d0=7.0, d 1=.24.8, d 2=68.3% D = 80.7% 




















8.0 fl value 






EXAMPLE OF CALCULATION OF DEUTERIUM CONTENT. 
e.g. A.8d2 93 group at 70 eV. 
(a) 
Non-labelled molecules give a standard ratio ôfrélative 
abundances for the set of fragments in a local group. 	This 
set of ratios is then applied to the d 0 , d1 , d2 , etc species 
until the relative abundances of the local group are satisfied. 
A. 8h 	I A. 8d2 	d0 	 d,.+d., +d,., 
Ratio of d0 : d1 : d2 = 8.8 : 59.1 : 95.2 
Normalised ratio is d0=5.4, d1=36.2, d2=58.4%. 
Total deuterium content (as doubly deuteriated species) 
= d2 + 0.5d1 = 76.5% 
These calculations assume that the d 1 and d2 species 
breakdown in a similar way to the d 0molecular ion giving the 
seine ratios for the various fragments. 
114 
APPENDIX 2(iii) continued. 
(b) 
In the spectrum of the deuteriated sample let 
x = peak height for d 2 fragment (at nV'e 93) 
y = 	 " d 	 (at nVe 92) 
(at nVe 91). 
The peak at 93 consists of contributions from 
and d0 (F+2), giving the equation 
100 = x + 0.081y -i- 0.005z. 
Similarly the peak at 92 consists of d.(F-l), d 1 (F) 9 
and d0 (P+l), giving 	 - 
60.6 	0.Olx + y + 0.081z 
and the peak at 91 consists of d2 (F-2), d1(F-l), and d0 (P), 
giving 
13.2 = 0.04x + 0.Oly 	Z. 
Solving these equations gives x=95.166, y=59.135 and 
z=8.802. 
Normalising these ratios gives the distribution of the 
deuterio species as 
d0 = 5.40% 
d1 = 36,26% 
= 58.35% 
D = 76.5 %. 
115 
APPENDIX 3. 




compound R resonance signal structure integration assignment 
A.9 I-i 8.60 s 1 H R=H 
7.85 m 2H HA 
4.3-2.9 very bd 2 H HaHe 
A.10 CH   7.8 
in 2 H HA 
4.01 d,J 13 1 H He 
3.09 d,J13 1H H a 
2.56 s 3H CH  
A.11 PhCH2 7.8 in 2 H HA 
4.20 d,J 1 2 H benzyl-CH 2 
3.93 d,J 13 1 H He 
3.00 d,J 13 1 H Ha 
116 
APPENDIX 4(i). 
HYDROCARBON TRERMOLYSIS PRODUCTS FROM A.7. 








compound resonance signal. structure integration assignment 
A.12 3.82 q,J 8 1 H 1-H 
1.30 d,J 8 3 H CH 3 
A.13 3.65 q,J 2 2 H CH  
2.26 t,J 	it  3 H CH  
A.14 5.58 d-d,J 2,J" 18 1 H H0 
5.32 d-d,J 2,J' 	11 1H Ht 
APPENDIX 4(11). 
HYDROCARB0I\T THERMOLYSIS PRODUCTS FROM A.7. 
Mass spectra. 
60 eV 
compound m/e (relative abundance) 
A.12 206(100), 191(88),  128(18)9  101(34) 9 
94.5(30), 91(33). 
A.13 206(100) 9 191(70), 128(18), 101(25), 
94.5(20), 91(70). 
A.14 206(31), 191(10),  128(18) 9  115(18), 
101(12), 91(100). 
authentic 206(100), 191(68), 128(17) 9 101(27), 
A.13 94.5(17), 91(22). 
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compound m/e (relative abundanäes) 
A.15 208(63), 193(69), 177(36), 	130(75) 9  
115(100)9 91(75). 
A.16 210(15) 9 178(0.7) 9 177(0.8), 	164(0.7), 
120(12), 119(100), 117(9), 	91(29). 
authentic 208(94), 193(100) 2  177(49), 	130(97), 
A.15 115(89), 91(57). 
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We authentic r.a. 
extracted 
r.a. 
208 1.5 2.0 
207 18.8 20.8 
206 100 100 
205 19.7 14.6 
204 12.5 7.4 
203 14.4 9.2 
202 16.0 10.6 
192 18.1 17.5 
191 100 100 
190 17.7 14.5 
189 28.7 30.1 






236 1.8 3.3 
235 19.3 24.7 
234 100 100 
233 8.7 8.8 
232 0.9 1.1 
193 21.1 21.3 
191 35.7 35.3 
189 15.6 16.0 
131 67.0 66.7 
130 86.3 86.0 
90 35.8 36.0 
89 46.8 46.7 
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APPENDIX 4(v). 
PRODUCTS FROM DEUTERIO-ACID CATALYSIS OF A.7. 
Mass spectra (computer counted). 
• 	Ph 
A14d 
70 eV vinyistilbene 
iw'e 
authentic A. 14d 
r.a. r. a. 
208 2 12.4 
207 13.9 46.0 
206 100(85) 100.0 
205 21.7 29.9 
204 7.0 14.0 
192 11 34 
191 100(19) 100(22) 
116 15 28 
115 100(22) 100(20) 
92 5.5 21.4 
91 100.0 100(88) 
206 group: d 1 = 26% 
115 group: d 1 = 11.5% 
91 group: d = 13.7% 




70 eV 5H-diazepine 
nVe 
authentic A. 10d2 
r.a. r.a. 
236 3 15.4 
235 18.8 69.9 
234 100.0 100.0 
233 6.7 4.8 
133 - 2.6 
132 4.7 39.5 
131 80 100(77) 
130 100(66) 84.5 
129 8.0 8.2 
128 2.2 - 
118 - 7.7 
117 10.8 52.5 
116 100(52) 100(51) 
115 2.2 
234 group: d = 30% 
130 group: d 1 30% 
116 group: d1 - 30% 
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APPENDIX 5(). 




components 1,2,3, 	4, 	5. 
ind.enes indenes 
m/e component 1 component 2,3 rile component 1 component 2,3 
(a) (b) (a) (b) (a) (b) (a) (b) 
286 - 2.7 - 3.5 169 - - 9.4 - 1.4 
285 - 25.7 - 23.2 168 - 34.6 - 5.6 
284 3.2 100 3.9 100.0 167 22.8 72.9 16.5 9.5 
283 25.2 36.4 24.2 32.1 166 18.6 100 15.1 24.3 
282 100 11.3 100.0 9.9 165 100 99 100 100 
281 10'0 H '5-8 4.0 2.6 164 10.4 18.7 9.5 13.7 
280 - 5.0 - 2.3 163 12.7 16.3 14.0 17.3 
195 - 2.1 - 0.6 94 - - - 7.9 
194 0.4 18.7 - 3.0 93 2.8 14.9 0.7 100 
193 2.1 100.0 2.9 11.8 92 8.81 34.6 8.8 33.4 
192 18.8 70.4 21 27.2 91 100 100 100 100 
191 100.0 59.1 100 100 90 3.8 13.1 2.0 5.3 
190 6.2 12.1 6.1 8.1 89 16.5 32.2 6.4 9.1 
189 13.1 8.5 15.5 20.1 
component 1 
284 group: d = 6.9,d = 19.7, d 2 = 73.6; D = 83.4% 
components 2,3 
284 group: d0 = 6.9 9 d1 = 20.4, d2 = 72.7; D= 82.9% 
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APPENDIX 5(1) continued. 
A17 
component 4 :- trans, trans-1,2-distyrylberizene. 
15 eV 
e (a) relative abundance 
(b) 
relative abundance 
287 - 	 S 0.4 
286 - 2.9 
285 1.1 24.7 
284 3.5 .100.0 
283 24.1 46.2 
282 100.0 11.6 
281 2.3 1.8 
280 0.5 - 
d0 = 7.2, d = 29.5, d 2 =63.3; D = 78.0% 






314 - 2.0 
313 - 16.1 
312 2.5 75.8 
311 23.3 100.0 
310 iOo.o 61.1 
309 79 	S 16.1 
308 . 	 4.1 0.9 





















196 group: d 0 
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We (a) diimide palladium 
290 - 2.5 2.6 
289 - 21.0 23.4 
288 3.4 100 100 
287 25.4 44.4 42.6 
286 100 17.0 12.7 
285 3.0 6.1 5.2 
284 6.0 5.1 - 
199 - 1.0 0.9 
198 - 10.9 904 
197 1.6 74.2 65.9 
196 16.6 100 100 
195 100 48.8 49.7 
194 27.1 10.91 9.1 
193 14.1 3.9 2.0 
123 
APPENDIX 5(iii). 
THERMOLYSIS PRODUCT FROM ('a) DiST;YRThBENZEN 
(b)[ 2H2 1 DISTThYLBEIZENE. 
Mass spectra. 
60 eV indene (component 3) 
nVe (a) (b) 
287 - 1.5 
286 - 3.3 
285 1..0 23.5 
284 4.8 100 
283 24.3 53.1 
282 100 20.0 
281 12.1 5.8 
280 2.7 - 
195 - 1.5 
194 - 9.6 
193 2.5 59.1 
192 16.5 93.3 
191 100 100 
190 5.6 15.7 
189 11.8 12.0 
93 6.5 76.6 
92 9.0 98.8 
91 100 100 
90 1.9 15.0 
89 .14.0 15.8 
284 group : d0 = 9.1 9  d 1 
191 group 	d0 =42.8 9 d1 
9l group :d0 38, d 1 
= 27.5, d2 = 63.4; B = 77.2% 
= 36.1 9  d2 = 21,1; D=39.2% 
= 	37 9  d = 	25; 	D = 43.5% 
• 	 124 
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compound R, R2 - resonance 
signal 
se integration assignment 
apfen 
A. 19h H H 2,5 q,J 7 4 H 3,5-CH 2 
2.36 s 3H C113 
1,75 m 211 4-CH2 
A.19d1 D H 2.55 t,J 7 2 H 3-CH2 
(100%D) 
2.36 s • 	 3H CH  
1.75 t,J 7 • 	 2 H 4-CH2 
A.19d2 D H 2.55 t,J 7 5.19 H 3-C112 
2.36 s (E90%D) 
1.75 t,J 7 2 11 4-CH 2 
A.20 H m-MeO 7.7 • 	 bs 1 H 
• 3.78 s 311 CH  
3.71 • 	 s 3H CH  ppre 
2.48 q,J 7 4 H 3,5-CH 
2.38 s 3 H tolyl-CH3 
1.78 q,J 7 2 H 4-CH2 
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A. 19h A.19d1 
r. a. r.a. 
237 - 2.2 
236 - 10.0 
235 1.2 31.3 
234 6.3 100 
233 37.1 79 
232 100 24.5 
231 15.2 10.8 
230 5.7 10.0 
229 0.9 - 
13 eV 
237 - 3.9 
236 - 15.4 
235 1.3 36.0 
234 9.2 100 
233 53 64.5 
232 100 10.8 
231 0.4 3.4 
230 0.6 0.9 
234 group at 70 eV and 13 eV: 
d0 = 7 d1 = 43 9 d2 = 50; 




in N.m.r. spectra. 






compound R R2 resonance sire integration assignment 
A.21h H H 7.75 m 1 H H3 
3.15 m in He 
2.8 d,J4 1H HA 
1.8 s 1H Ha 
A.21d1 D H 7.7 m 1 H H  
2.75 s in HA 
1.75 s 0.12 H H a (88 %D) 
A.21d2 D H 7.7 M i H H  
2.75 s 1J1 HA. 
1.75 s 0.05H H a 
(E95 %D) 
A,22 H m,6-MeO 7.4-6.6 m 7 H aromatics 
4.04 s 3H 6-CH3 
3.78 s 3 H 
• 3.2 bd 1H He 
A.23 H rn,8-MeO 7.73 d,J 9 1 H HE 
7.4-6.5 in 6 H aromatics 
3.73 s 3 H rn-CH3 
• 3.64 s 3 H 8-CH 3 
3.1 bd 1H He 




13 N.m,r. spectra. 
















• 	139.3 quaternary 
142.0 carbons 
143.3 
• 	152.0 6a 
resonance assignment 
26.66 2-C 
32.49 1- or 3-C 

















APPENDIX Viii)  . 
3H-1, 2 -BENZ ODI AZEPINS. 
Mass spectra. 
70 eV 	 70 eV  
riVe h dl h d2 
264 - 10.5 - 4.5 
263 - 35 - 22.5 
262 4.9 100 3.3 100 
261 21.1 30 21.1 21.0 
260 100 8 100 10.3 
2 59 12.7 - 10.6 2.9 
258 1.8 - 2.0 - 
236 - 2.1 - 2.5 
235 - 18.7 - 19.4 
234 1.9 100 2.3 100 
233 19.5 25.3 19.6 17.5 
232 100 5.2 100 6.5 
231 14.2 - 12.6 3.5 
230 2.2 - 3.0 - 
13 eV 	.15 eV 
nVe Ii dl ii d2 
236 2.2 - 2.0 
235 - 19.4 - 20.4 
234 2.1 100 2.0 100 
233 20.7 14.2 20.0 9.0 
23 2 100 1.6 100 2.8 
231 0.8 - 3.5 0.6 
230 1.0 - 1.0 - 
D 
1: 3 13 73 11 - 
262 group; 2: 6.4 7.8 84.6 1.3 -. 
1: 1.3 10.3 88.4 - 93.6 
234(70ev); 	2: 2.5 4.2 93.3 - 95.4 
1: 005 12.0 87.5 - 93.5 










compound R resonance structure  integration assignment 
A.24 H 8.1 in 1H HB 
5.65 t,J 1 1H HA 
A.25 ,6-.Me 7.85 a - 1 H 	- 
5.65 t,J1 1H HA 
2.43 a 3 H 6-Me 
2.27 s 3 H p  
A.26 p,6-MeO 7.63 d,J 2 1 H II B 
7.5-6.7 in 6 H aromatics 
• • 5.68 t,J 1 1 H HA 
3.89 a 3 H 	• 6-Me 
- 3.76 a 3H p--Me 
A.27 m,7-Me 7.33 a 3 H aromatics 
7.15 s 4 H aromatics 
• 5.64 ,J' 1 1 H HA 
• 2.87 s 3H 7-Me 
2.29 s 3H rn-Me 
A.28 	• m,7-MeO 5.68 t,J 1 1 H HA 
4.16 s 3 H 7-Me 
3.76 a 3 H rn-Me 
A.29 m.5-MeO 8.03 d,J 9 1 H • 
5.68 t,J 	1 1 H HA 
3.78 s 3 H 




13 N.m.r. spectra. 
A.25 A.26 A.27 A.26 A.29 assignment 
23.4 23.4 23.4 23.5 23.5 4 1 -C 
32.4 32.5 32.4 32.4 32.4 3'/5'-C 
32.8 32.8 32.6 32.9 32.9 5'/3-C 
21.2 55.3 21.5 55.3 55.3 p/rn-CH3 
21.0 55.9 16.9 57.5 55.9 6/7/5-cl3 
99.8 99.5 100.3 99.9 99.3 3-C 
122.3 106.2 121.1 113.3** 109.7 
123.3 114.1* 124.2 115.9 113.3* 
127.0* 117.1 127.6 119.5 114.3 aromatic 
129.0 123.3 128.4 129.5* 119.4 
129.2* 128.5* 128.7 131.4 122.9 carbons 
130.6 129.1 129.2 129.6* 
129.5 
130.1 
133.3 135.3 133.0 137.8 137.9 
1376 140.3 136.3 140.7 140.7 quaternary 
139.0 141.4 138.2 144.6 145.5 
140.3 158.3 141.0 145.9 151.5 carbons 
141.1 159.5 143.2 153.3 159.9 
157.4 160.8 155.5 159 , 9 161.1 
signifies two carbons 




Mass spectra. - m\/ 
A.25 R = p,6-Me 
A.26 R = p,6-MeO II 
A.27 R = m,6-Me R 6 C--~ 
A.28 R = rn,7-MeO 	 7 
A.29 R = ni,5-MeO 
70 eV 
compound m/e (relative abundance) 
A.25 288(6.3) 9  260(100) 9 245(47), 	232(67) 9 
119(5), 	91(4). 
A.26 30(31), 292(100)0 277(9) 9 	264(61), 
261(44) 9 225(6), 	135(6). 
A.27 288(10) 9  260(100), 245(55) 0 	232(48), 
119(30), 91(12). 
A.28 320(5.1)9 292(100), 277(9.4), 	261(20) 9  
225(3.1) 9  135(6.2). 
A.29 320(2.5), 292(100), 277(10.2)9 	261(8.2) 9 
242(20) 9 135(26). 
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APPENDIX 9(1). 
HYDROCARBON THEBMOLYSIS PRODUCTS OF A.21h IN 
(a) TOLUENE, (b) PERDEUTERIOTOLUENE. 
Mass spectra. 
uv'e 	234 	233 	232 	231 	191 
2.1 	21.0 	100 	11.8 	29 
2.0 	20.3 	100 	11.9 	30.5 
APPENDIX 9(11). 
HYDROCARBON THERMOLYSIS 
PRODUCTS FROM (a) A.21h, 
(b) A.210. 
Lç )) 
Mass spectra. 	I 






235 1.0 4.9 
234 2.6 36.5 
233 19.7 100.0 
232 100.0 17.8 
231 8.9 3.6 
230 3.4 309 
192. 15 24 
191 100(30) 100 
190 6.5 7.4 
189 17 12 
234 group: d0=7.O, 
d1=78.9, d2-14.0. D=53.4% 
APPENDIX 9(111). 
HYDROGENATED HYDROCARBON. 
THERMOLYSIS PRODUCTS FROM 







238 - 33 
237 18 100(9) 
236 100(12) - 
235 7 - 
234 8 - 
169 2.5 3.0. 
168 24.2 26.2 
167 100.0 100.0 
166 8.0 9.7 
165 15.4 17.3 
164 	j 1.4 2.0 
167 group: d 1 2% max. 
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APPENDIX 10. 
ENYLETHYL ALKYL ETHERS. 1-2' —STYRYLPH  
Mass spectra. - 
rr' 
R1 R2 
A.32 H Et 
A.33 	H 	Pr +d.&&eion 
A.34 Ph 	Et 	 R20 	H2  R1 .  
compound nVe (relative abundance) 
A.32 252(57) 9  237(100) 9  223(72) 2  209(61), 
207(95) 9 193(47) 9  191(46), 180(42), 
179(59), 165(33) 9 145(39) 9 131(57), 
117(32), 115(35) 9 105(72), 103(48), 
91(85) 9 77(51), 	184.5*. 
A.33 267(54) 9  252(39) 0  224(60) 9 210(87), 
208(100) 9  191(62) 9 179(46) 9 178(39), 
146(23), 145(24) 9 130(64) 9  92(50), 
91(85). 
A.34 328(4) 9  282(3), 	237(100) 9 	209(67) 9 
191(20) 9 178(12), 165(10) 9  131(65) 9 
103(50), 91(40),184.5*. 
- 2092 





m/e (relative abundance) 
266(83) 9 252(1.4), 223(13) 9 209(34) 9 206(96), 191(32) 2 





nVe (relative abundance). 
301(1.7), 300(4.3) 9 282(2.8) 9 267(1.0), 222(84),1 
209(19) 9 194(12), 179(29), 178(24), 105(100), 










II THERMOLYSES: PRODUCT AND MECHA- 
NISTIC STUDY 
 1-Methyl-4-phenyl- 1H- 2, 3-benzodiazepine 142 
 1- Benzyl-4 -phenyl- 1- 2, 3-benzodiazepine 
and 1-[a, a- 2H 2}benzyl-4-phenyl-1H-2, 3- 
benzodiazepine 147 
 4-Phenyl- 1 H- 2, 3-benzodiazepine 154 
III 	THERMOLYSES: KINETIC STUDY 
 1-Methyl-4-phenyl-1H-2, 3-benzodiazpine 156 
 4 -Phenyl-. 1 	- 2, 3-benzodiaz epine 158 
IV ACID-CATALYSED DECOMPOSITIONS 
(i) 1-Methyl-4-phenyl-1j-2, 3-benzodiazepine 
in (a) the presence of toluene-4-sulphonic 
acid, 161 
 ethanol, 164 
 acetic acid 164 
(ii) 1 -Benzyl-4 -phenyl- 11-1- 2, 3-benzodiaz epine 
in (a) benzene, 165 
(b) ethanol 166 
B 	3H-BENZO[c][1, 2]DIAZEPINES 
I SYNTHESES OF 3H-1, 2- BENZ ODIAZEP INES 167 
II PREPARATION OF 3H-INDAZOLES BY THE 
ISOMERISATION OF 3H-1, 2-BENZODIA-
ZEP]I'IES 	 170 
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135a 
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PINES: KINETIC STUDY 	 181 
Experimental method 	 182 
1, 2, 3, 3a-Tetrahydro-10-phenyl- 
benzo[c]cyclopenta[f][1, 2]diazepine 	 183 






The thermal decomposition of the sodium salts of tosyihydra-
zones of a, fl-unsaturated ketones and aldehydes, has been studied 
and found to give pyrazoles (route a) and/or carbene-derived 
products (route b). 
/N2 
	 '- N2 
This unsaturated diazo system has been extended by another 
double bond, usually a benzene double bond, 49,143 so that an extra 
mode of cyclisation can result leading to benzo[d]- or benzo[c]- 
[1, Z]diazepines, depending on the position of the benzene ring. 
The formation of the benzodiazepines has already been discussed 
(p. 24-28). 
A benzo[d]{ 1 , 2}diazepine B benzo[c][ 1 , 2]diazepine 
The decompositions of these diazepines have proved to be of 
considerable interest in that the reaction can proceed with nitrogen 
137 
loss to give hydrocarbon products or can proceed with retention 
of nitrogen to give isomeric heterocycles. This thesis deals with 
an investigation into the products and mechanisms of both types of 
reaction. 
Kinetic measurements on the thermal decomposition of both 
groups of diazepines have been made and will be discussed in the 
elucidation of the possible mechanisms, particularly in finding the 
criteria for the differences between hydrogen-migration and 
nitrogen loss in the 1H-2, 3-benzodiazepines. Acid catalysed 
decompositions of 111-2, 3-benzodiazepines, in benzene and ethanol, 
were briefly investigated. 
SCHEME 1. 
CH 3 	 CH 2Br 
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A 	1H-2, 3-BENZ ODIAZEPINES 
I SYNTHESES 
The overall route to the 1-2, 3-benzodiazepines is shown 
in Scheme 1. Starting with 2-brornotoluene, bromination (1 mol) 
gave a, 2- dibromo toluene from which the phosphonium bromide 
was prepared. A Wittig reaction with benzaldehyde followed by 
isomerisation gave 2-bromo-trans-stilbene. The next step was 
the formation of 2-cyanostilbene by the addition of copper (I) 
cyanide, in pyridine, to bromostilbene. Reaction of a Grignard 
reagent with cyanostilbene resulted in a ketone (a different route 
was followed to obtain the aldehyde) which then led to the tosyl- 
hydrazones. In the case of 2-acetyl- trans -stilbene tosylhydrazone 
two isomers were observed in the n. m. r. spectrum: the anti- 
isomer with cis-CH at 2. 216, and the syn-isomer with trans-CH 
- 3 	 -.' 	 3 
at 2. 166. The isomers are due to the N-Nbond being fixed in a 
trans or cis con-formation relative to the aryl-carbon bond. 
Separation of the isomers was possible (the syn-isomer crystallised 
first),but was not done in the diazepine preparation because the same 
diazepine results from both isomers. The rate of cyclisation of 
the two forms was different - the anti-isomer being slower. 
The base-induced decomposition, in dry aprotic solvent, of the 
tosyihydrazones to form the 1H-diazepines required a slight 
deficiency of base to prevent further reaction to the 5-diazepines. 
4-Phenyl-1H-2, 3-benzodiazepine was prepared by a slightly 
different route to the two above. Formation of 2-formyl-trans-
stilbene from the cyanostilbene can be achieved via 2-stilbene-
carboxylic acid, 130, 132 but the preferred route was a one-pot 
reaction of DMF with the Grignard reagent of 2-bromo-trans-
stilbene in THE. This Grignard reagent was prepared in very 
dry conditions (THE dried by aluminium lithium hydride) with a 
slight excess of magnesium. The route from the aldehyde to the 




The pink colour associated with the diazo -intermediate was 
observed only during the decomposition of the formylstilbene 
tosyihydrazone sodium salt. This reaction went to completion in 
0.'5 h rather than the 5 h required for the ketone tosyihydrazone 
sodium salts, and the coloration is consistent with fast decomposition 
of the sodium salt and slower cyclisation leading to a build up of the 
coloured diazo-intermediate. 
The 'H n.m. r. spectrum of 1-benzyl-4-phenyl-1H-2, 3-benzo-
diazepine (1) shows the chiralityt the a-methylene q'rouif. 
Instead of observing a triplet and a doublet for HA  and  H   the 
spectrum shows that H 
Bt 
 and HB,,  are non-equivalent, resulting 
in HA  giving rise to a pair of doublets at 3. LS, and liB  and 
each giving a pair of doublets at 3. 9 and 4. 5&. 
Examination of the n. m. r. spectrum of the three 1H-benzo-
diazepines gives information of the conformation at the 1-position. 
4-Phenyl-1H-2, 3-benzodiazepine shows a pair of doublets at 6.4 
and 3. 0 £ for 1-H 
eq 	ax 
and 1-H respectively. The low-field signal 
is due to the proton being in the same plane as and adjacent to the 
lone pair of electrons on nitrogen. For the 1-methyl- and 1-benzyl-1H-
diazepines, the 1-hydrogen appears at 2. 9 and 3. 18 respectively 
indicating that the 1-hydrogen is in an axial position with the R-group 
adopting the more thermodynamically stable equatorial conformation. 
As just mentioned, treatment of the 1H-2, 3-benzodiazepines with 
base results in formation of the 5H-isomers. The ii. m. r. spectrum 
of interest here is that of 4-phenyl-5j-2, 3-benzodiazepine. Both 
1-methyl- and 1 -benzyl-4-phenyl- 5H- 2, 3-benzodiazepine showed 
sharp AB doublets for the 5-hydrogens, whereas the 4-phenyl-5H-
diazepine showed two very broad signals (temperature 28 ° ) indicating 
a lower energy barrier to ring inversion in this case. 4-Phenyl-
111-2, 3-benzodiazepine showed a pair of widely spaced doublets 
(6. 35 and 3. 06)ICth#154more rigid ring system. 
Deuteriated 1 -benzyl-4-phenyl- 1 H- 2, 3-benzodiazepine was 
prepared by a variety of methods in order to understand the 
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• conditions under which .deuterium is exchanged. The first 
. indication of the problems involved came when the dideuterio-
tosylhydrazone, prepared from labelled ketone, was crystallised 
from ethanol. After only twenty minutes in solution the tosyl-
hy4razone that was recovered was examined by n. m. r. spectroscopy 
which showed that the deuterium content had been reduced, from 
70% to 20%. Thus,the reverse process should occur and deuterium 
could exchange from [2- 2H]ethanol into the tosylhydrazone at the 
carbon adjacent to the carbon-nitrogen double bond. A limiting 
factor as to the efficiency of the exchange was the solubility of the 
tosylhydrazone in ethanol (undissolved tosyihydrazone could be 
recovered from [Q- 
2
H]ethanol with very little (<5%) deuterium 
incorporation), but this was circumvented by. using benzene as co-
solvent. Starting with unlabelled tosyihydrazone, to obtain better 
than 90% deuterium uptake at the a-methylene, a 3:1 molar ratio 
of ['HJ:[ ' H] was required in at least two cycles of exchange during 
which complete equilibration of protium and deuterium is achieved. 
The first exchange was carried out in a mixture of [Q- 2H]ethanol 
(prepared by literature methods) and dry benzene or chlorobenzene, 
and to save on equilibration times the molar ratio of [ 2H]:[ 1 H] was 
increased to 10:1. On cooling the solution or on the addition of 
dry ether the tosyihydrazone crystallised and was filtered from the 
cold mixture. This partly deuteriated tosyihydrazone was then 
dissolved in benzene and [O-2H0.99 ].ethanol,  and recovered to give 
the product which was up to 95% deuteriated at the methylene position, 
and which was shown by i. r. spectroscopy to have deuterium on the 
nitrogen (max 2 500 cm 
The initial method of introducing deuterium involved 
heating (for 2. 5h) 2-phenylacetyl- trans- stilbene in boiling deuterium 
oxide. Potassium carbonate (5% w/w solution) was added to 
facilitate the exchange at the acetyl a-carbon. The ketone merely 
melted and floated on the solution, but, after cooling, the solid 
(92%D by mass spectroscopy) could be filtered off. For the next 
stage of preparation of the tosylhydrazone, DME was used as the 
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solvent and no acid was used to catalyse the reaction. Any protic 
medium would re-exchange the deuterium and so aprotic solvents 
were considered. The formation of the tosyihydrazone was assisted 
by boiling in DME under reflux under nitrogenbut still required 
48 h to produce 41% tosylhydrazone (68%D). This method was 
superseded by introducing deuterium at the tosyihydrazone stage. 
The penultimate step to prepare the sodium salt of the labelled 
tosyihydrazone again required that protonic media should not be 
employed and so a solution of sodium in the minimum of {O- 2 H]- 
ethanol was used. The cyclisation step was then done as usual in 
dry DME. 
The deuterium content of 0 the diazepine was determined by use 
of m. s. and n. m. r. spectroscopy. In the n. m r. spectrum the 
three double-doublets of the non- deuteriated diázepine have been 
replaced by a slightly broadened singlet for the 1-hydrogen. The 
residual a-protons showed up as a ripple in the baseline, and half 
the integral, relative to that of the 1-hydrogen, was equal to the 
protium content at the methylene position. Two methods for the 
calculation of the deuterium content by mass spectrometry are given 
in appendix 2(iii). One procedure involves trial and error 
( 	 0 
reiterative method) by fitting the m/e abundance ratios for the 
unlabelled sample to the m/e abundances of the deuteriated compound 
(both spectra obtained at the same ioiSh4\ energy) until all the 
abundances are satisfied. The second method involved the solving 
of three (or four) simultaneous equations. This was the systematic 
method and was found to involve more calculations than the reiterative 
- method, and was much more time-consuming, especially when tn-
deutero species were found (involving four simultaneous equations). 
Often, the use of low electron energies (<:20ev) resulted in a simpler 
cracking pattern and considerations of whether the molecular ion 
loses protium or deuterium are not important. 
S CHEME 2. 
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complete set of n. m. r. spectra revealed that 1 -methyl- 2-phenyl-
indene (5) appeared before (4) and at the end of the reaction no (5) 
remained. The overall reaction scheme can thus be modified to 
include this base-induced formation of (4) from (5). 
The mechanism of formation of the 5H-diazepine (3) was 
believed to go by either a 1, 5-sigmatropic hydrogen migration or an 
auto-base-catalysed migration by the 51-1-diazepine itself (Scheme 
3), and in an attempt to differentiate between these the decomposi-
tion was carried out in chlorobenzene/[O- 2H]propanol at 1170. 
This temperature was chosen because a kinetic run in diphenyl 
0 
ether had already been done at 117. 7 , and,because the temperature 
of the thermolysis was lowered by the propanol, the reaction time 
was extended from two days to seven. A different product ratio 
was observed and from the n. m. r. spectrum of the mixture the 
5H- diazepine now accounted for 27%, 1 -methyl- 2-phenylindene 
constituted 31%, and 3-methyl- 2-phenylindene made up the remaining 
43 %. No 2-vinyl- trans -stilbene could be detected in the spectrum. 
The reaction mixture was analysed by gc-ms to measure the 
deuterium incorporations in the hydrocarbons and the 51 -1-diazepine. 
Less than 2% deuterium was found in the indenes, and less than 5% 
deuterium in the parent ion of the 5H-diazepine with small fragments 
showing no deuterium. These findings of low deuterium content in 
the 5H-diazepine are consistent with the intramolecular 1, 5-hydrogen 
migration, and therefore a free diazepinyl anion (7) does not form 
during the reaction. Also arguing against the auto-base-catalysed 
mechanism is the finding that in the kinetic studies the proportion 
of the products being 5-diazepine is constant instead of continuously 
increasing. A plot of [5H-diazepine] against consumption of 1H-
diazepine gave a straight line indicative of a yield of 47% for the 
5H-diazepine [fig(ii)]. 
The virtual absence of deuterium in the indenes is significant 
and needs to be explained in view of the possibility of isomerisation 
of 1 -methyl- 2- phenylindene into 3-methyl- 2- phenylindene going by 
SCHEME 4. 
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a base-catalysed process. Bergson 150 found that indene, in the 
presence of triethylarnine and deuterium oxide, gained deuterium 
at a moderate rate which was much faster than for l-methylindene 149 
whse exchange rate was very much slower than the isomerisation 
rate (to give 3-methylindene), and that in the absence of base no 
deuterium exchange occurred. Further, Bergson and Weidler 151 
using (+)-1-methyl-3-isopropylindene in the presence of base found 
an equilibrium mixture containing 80% of almost stereospecific 
product 3-methyl-i- isopropylindene. Their interpretation involved 
a Tr-complex or a 'caged' ion-pair (which closed faster than attack 
by deuterium) which would account for the absence of deuterium in 
the product. The non-dissociative mechanism has been supported 
by Miller and Boyer 
152 
 who found AS < 0 for migrations in the 
indene system, and concluded that the migration went around the 
7t-system rather than by a dissociation- recombination process. 
1-Methyl- 2-phenylindene would be expected to behave in a manner 
closer to 1-methyl- 3- isopropylindene or 1 -methylindene rather than 
indene itself, so the findings of low deuterium content would not be 
unexpected. 
The formation of the hydrocarbons can be accounted for by any 
of the mechanisms shown in Schemes 4, 5 and 6. 
Scheme 4 shows a diradical route, initiated by either a single-
or double-step scission of C-N bonds, giving the diradical (8). 
This diradical can merely cyclise giving (5) (which then by base-
catalysis gives the other indene (4)), or by abstraction of a methyl-
hydrogen by the vinyl radical giving (6). This abstraction route 
will be further discussed in the next section (1-benzyl-4-phenyl-
1H-2, 3-benzodiazepine). 
In schemeS, 1,5-hydrogen migrations can give either., the SI-i-
diazepine or a 4H-diazepine (9). The 5H-diazepine has already 
been shown to be stable under the reaction conditions, but (9) could 
open by an electrocyclic process (the reverse of the cyclisation 












(10) which contains the stable conjugated stilbene structure. 
Irreversible loss of nitrogen leads to a carbene (11), initially a 
singlet but possibly crossing to a triplet state. The singlet 
carbene can then octct' & 	cctrbo1_ c.ctrbo,i:dou( 	#i 
- 
giving the strained intermediate (12) 
which can relieve ring strain by forming the isoindene (13), or by 
hydrogen migration to give either or both of the product indenes. 
This last migration would be expected to lead to both (5) and (4) by 
either base-catalysed or sigmatropic 153 hydrogen shifts, there 
being no apparent reason why the less stable 1-methyl- 2-phenyl-
indene should be formed preferentially. The isoindene (13) could 
also be formed directly from(11). 
In Scheme 5 a hydrogen migration is shown as preceding the 
electrocyclic ring opening. However, the 1H-diazepine itself 
could ring open (Scheme 6) leading to the diazo compound (14). 
Loss of nitrogen again gives a carbene (15). Two modes of de-
composition of the carbene can be visualised: (1) addition to the 
double bond leading to 1-m ethyl- 2-phenylindene, (ii) the triplet 
carbene could abstract hydrogen by a radical-like process to give 
• the vinylstilbene (6) - this would require a cis-CH 3 conformation 
and thus the more hindered alkene which would be unlikely. 
A minor product, detected on the chromatogram from the 
gc-ms analysis of the products from the decomposition in chioro-
benzene /[O- 2H]propanol, was found to have a parent ion of m/e 
267, and had a cracking pattern consistent with [ 2H]1-2'-styryl- 
phenylethyl propyl ether (16). The mass spectrum (see appendix 10) 






























has high abundance fragments with molecular weights of 267 
(parent, 54%),  252 
(p+_ 
 Me, 39%) 	4 (p+ - Pr, 60%),  208 
(base peak, P - PrO), 9Z (52%), 91 (85%). The relatively 
abundant 92 fragment is indicative of the presence of deuterium in 
the tropylium fragment. The formation of this ether (Scheme 7) 
is consistent with mechanisms already discussed in the Introduction 
(p. 12). Two routes to the deutero- ether can be formulated; (a) an 
initial 1, 5-hydrogen migration followed by electrocyclic ring-
opening to give the diazo compound (17) which picks up a deuteron 
to give the diazonium ion (18) and then the ether (16a); (b) an 
electrocyclic ring opening gives the diazo compound (19) which 
leads to the deutero-ether (16b). Both routes seem feasible in the 
absence of any further information, although the diazo-intermediate 
(19) would have less stabilisation energy than (17) ir which one of 
the benzene rings has an o-quininoid structure. 
The thermolysis in the polar medium ([9- 2H]propanol/chloro-
benzene) produced a ratio of 27:74 for the 511-diazepine:hydrocarbons. 
A kinetic study on the thermolysis in diphenyl ether at 117.70  showed 
a percentage yield of 47% for the 5H-diazepine, so this different 
product distribution needs to be explained. A possible explanation 
for the increase in the hydrocarbon yield is that there is stabilisation 
of the reactive intermediate by the polar solvent, and this would tend 
to favour a diazo -intermediate rather than a radical one. The 1, 5-
sigmatropic migration to yield the 5H-diazepine would not be affected 
too much by the solvent polarity, whilst the decomposition of the 
diazo -intermediate would.-- be greatly affected - its rate being 
increased with increasing solvent polarity. However, in the absence 
of kinetic data on the overall rate of decomposition of the diazepine 
or on the rate of formation of the products, these proposals are not 
proven. 
The formation of the primary hydrocarbon products from the 
thermal decomposition of 1 -methyl-4 - phenyl- l- 2, 3-benzodiazepine 
can be accommodated by scheme 4, for both hydrocarbons, Scheme 











preference for the routes involving diazo-intermediates. 
(ii) 1 -Benzyl-4-phenyl- 1H- 2, 3-benzodiazepine and l-{a, a- 2H21 -
benzyl-4 -phenyl- 1H- 2, 3-benzodiazepine. 
The diazepine was thermolysed in boiling chlorobenzene for 
42h, and at least five products were observed by g. 1. c. [fig (iii)]. 
The percentage yield of each component was measured from the 
chromatogram. It was assumed that all the isomeric hydrocarbons 
(components 1, 2, 3 and 4 all had parent ions of molecular weight 
282) had the same detector response, whilst a standard mixture of 
trans, trans - 1, 2- distyrylbenzene and 1 -benzyl-4- phenyl- 5- 2, 3-
benzodiazepine showed that the detector was 1. 95 . times wove 
responsive to the hydrocarbon than to the heterocycle. In this 
way the following ratio,. of products was obtained: component 1, 
8 %; 2, 2.5%; 3, 17. 5%;  4, 35%; 5,  38%. 
The identities of two of the components were easily ascertained 
from their melting points and n. m. r. spectra. Component 5 was 
extracted as colourless needles and had m. p. and n. m. r. spectrum 
the same as the 5H-diazepine as prepared by the base-induced 
isomerisation of the 1H-diazepine. Control experiments showed 
that the 5H-diazepine was stable under the reaction conditions. 
The formation of the 5H-di.azepine merely involved a single 1, 5-
hydrogen migration. 
Component 4, obtained as colourless needles, was identified 
as trans, trans- 1, 2-distyrylbenzene by comparison with an authentic 
sample prepared by the reaction of benzyltriphenylphosphonium 
bromide with 1, 2-benz enedialdehyde in the presence of sodium 
ethoxide. Control thermolyses in chlorobenzene of trans, trans- 
1, 2-distyrylbenzene for 92h produced 3-benzyl-2-phenylindene as 
16% of the total mixture. A first-order process for this conversion 
(log conc. v time) would give an eight percent conversion at 42h (the 
time of the thermolysis ofthe diazepine). Gc-ms analysis of the 
corresponding hydrocarbons from the thermolysis of the labelled 
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distyrylbenzene (ZOa) showed that the distyrylbenzene remained 
unchanged in deuterium content (at 8. 5, 26. 5, 65. 0 for d 0) d 1 , d2) 
and that the indene had the deuterium label scrambled into the 
indene ring. 
m/e group % d d 1 d 2 %D 
284 9.1 27.5 63.4 77.2 
191 42.8 36.1 21.1 39.5 
91. 38 37 25 43.5 
From the mass spectral data D 284 2 x D 191 which is as 








The implication of this isomerisation is that all the indene 
was not derived from the primary decomposition step, and therefore 
a total of ca 2% (i. e. 8% of 35% x 0. 67) of it was derived from the 
distyrylbenzene. That the product was not cis, trans- 1, 2-distyryl-
benzene, which has the same g. 1. c. retention time, 
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 was most 
readily deduced from the fact that the relative abundance of the peak 
at m/e 167 was only 17% of that at 165, whereas cis, trans-distyryl-
benzene would be expected to have a high abundance peak like the 
trans, trans-isomer (m/e 167, 88% of m/e 165). 
Component 2 was susceptible to decomposition during the 
chromatography and work up procedures; it decreased from 2. 5 to 0. 5% 
of the total product. Its mass spectrum and also that of labelled 
component 2 were almost identical to those of component 3 and 
thus these two components were formulated as being the isomeric 
indenes. For both these components the majority of the deuterium 
was present in the tropylium fragment, i. e. in the benzyl fragment, 
as was found in the 1H-diazepine precursor. 
rn/e group % d d 1 d2 
284 base 6. 2 20.8 73.1 83.5 
191 87.5 5.3 7.1 9.8 
165 87 8 5 9 
93 6.7 22.3 71.0 82.4 
The finding of dideutero -species in the (P_93)+fragrent may be 
indicative of the presence of cis, trans-1, 2-distyrylbenzene which 
would give deuterium in all fragments, but may also be indicative 
of the deuterium in the indene ring being derived from the isomerisa-
tion of the distyrylbenzene (20a). Alternatively there could be 
scrambling of label in the mass spectrometer before fragmentation 
occurs, but this is unlikely to occur to such an extent. 
The overall deuterium content of component 1 was the same 
as components 2 and 3, but mass spectroscopy did not show a 
significant tropylium fragment and the deuterons being mainly 
located in the (P91)+  fragment. 
rn/c group % d0 d 1 d2 
284 6.7 19.7 73.6 83.4 
193 base 22.3 29.8 47.9 62.8 
166 42 39.5 19 39 
91 73 19 7.5 17 
From the above spectral data the following equation may be 
written. 
%D 193 + 
	 = 2 x %D 166
91 
The n. m. r. spectrum of the hydrocarbon products helped in the 
identification of this component. The gas chromatograms for the 
decompositions of the unlabelled and the labelled diazepine showed 
little difference in the product ratios, but there was an absence of 
several signals in the n. m. r. spectrum of the total product mixture 
of the latter - the most notable being the loss of a pair of doublets 
at 5. 8 and 5.29. These observations could only be due to deuterium 
being present at alkenic positions. Integration of the doublet and 
comparison with the integral for 3-benzyl-2-phenylindene or the 51-i-
diazepine gave the same ratios as found by g. 1. c. for component 1 
and the indene or the 5H-diazepine. The structure of component 1 
was shown to be (21a) by comparison with mass and n. m. r. spectra 
of an authentic sample. The n. m. r. spectrum of the latter 
fD. (21 a) 
showed the two doublets at 5. 8 and 5. 29, and it had a g. 1. c. reten-
tion time identical to that of component 1. The formation of this 
hydrocarbon can only be rationalised in terms of a phenyl shift to 
carbene (or less likely, to a carbonium ion) - an unexpected reaction 
in view of the ease of 1, 2-hydrogen migrations. 	
Moritani 124, 1 25 
found that there were only hydrogen migrations to carbene in the 



























product was stilbene (76%) with a trans/cis ratio of 13. 
Moritani did not record the formation of the phenyl migration 
product a-phenylstyrene, but since he did not mention the 
possibility of its formation perhaps he did not specifically look 
for it, having discounted phenyl migration in (22). 
Two plausible mechanisms can be written for the formation 
of the distyrylbenzene (Scheme 8). To differentiate between these 
it was decided to prepare the labelled diazepine (la), which has 
already been used in the identification of the other hydrocarbons. 
The carbenic route would result in the formation of (20a) with both 
deuteriums in the same styryl group, and the diradical process 
would produce (20b) with one deuterium in each styryl group. The 
label distribution was to be determined by m. s. and n. m. r. spectro-
scopy. 
In practice the labelled diazepine (la) hadan isotopic distri-
bution of 6. 1/29.4/64.7 (79.4%D) for d0 /d 1 /d 2. The decomposi-
tion gave three fractions. 
a.-Phenyl- trans -2- styryls tyrene (Zla), 1-[a,  a- 2H2]benzyl- 2-
phenylindene and 3-1 a, a- 2H2}benzyl- 2-phenylindene, which have 
been discussed; their formation apparently occurring for the more 
deuteriated species. 
1-[ a, a- 2H2]Benzyl-4 - phenyl- 5H- 2, 3-benzodiazepine was 
analysed by m. s. (direct insertion probe) which showed a corn-
position of 18/32. 5/49 for d 0 /d 1 /d 2 for the parent ion at 18eV. 
The tropylium fragment, which. was the base peak at 70eV, gave 
ratios of 10.6:38.8:50.7 (70%D),  showing a slight discrepancy 
with the parent ion. The values of greater accuracy are those for 
the tropylium fragment because the parent group showed a relatively 
abundant (P1)+  fragment which was sensitive to slight changes of 
ionising potential. The formation of the 5H-isomer is therefore 
apparently occurring with loss of deuterium, but another explana-
tion is that the formation of the 5H-diazepine is selective for the 









in (20a), >( 
(A) 
IA (B) 
c) trans, trans-1, 2-Distyrylbenzene was analysed by m. s. 
(d., i.p.)which showed a composition of 7.4/29.3/63.3 ( 78 .0%D), 
a ratio similar to that in the 1H-diazepine precursor. The 







be expected to show a double-doublet for the two protons in the 
2-styryl group, whilst (Zob) would be expected to show a singlet 
for the a, a'-protons in both styryl groups. The product gave a 
spectrum [fig (iv)] which contained an AB system like unlabelled 
distyrylbenzene, but with all four signals reduced by about half, 
thus indicating the structure to be (20a) - trans, trans- i - f a, (3- 2H]-
styryl-2-styrylbenzene - and thus supporting the carbene 
mechanism. 
The positions of the deuterons were confirmed by g. c. -m. s. 
analysis of the hydrogenated product. Mass spectrometry of 
unlabelled 1, 2-diphenethylbenzene (24) revealed a parent ion of m/e 
195 (loss of tropylium from the parent ion), with relatively 
abundant fragments at 91 and 286 (parent). The hydrocarbon 
(24a) would be expected to give the (P_tropylium)+  molecular ion 
which contains half of the d 2 species found in the parent (com-
position was 7. 7/27. 5/64. 8% for d 0 /d 1 /d 2). The percentage of 







plus three-quarters of the d 1 percentage (of parent); the isotopic 
distribution of the (P_tropylium)+  fragment would thus be 
14. 6/53. 1/32.4%. The compound (24b) would give, by a similar 
reasoning to the above, a distribution of 53. 8/46. 2/0 for the 
(P - tropylium)+ fragment. The hydrogenated reaction product 
gave, for this parent- minus -tropylium fragment, a distribution of 
12. 2/52. 1/35.7 which is very similar to that predicted for the 
structure (24a). 
The mechanism now proposed for the formation of 1, 2-. 
distyrylbenzene (Scheme 9)  involves carbene insertion into a 
carbon-hydrogen bond. The measurement of the deuterium content 
of molecular ions of the diphenethylbenzene does not suggest that 
there is a significant kinetic isotope effect for preferred insertion 
into a C-H rather than a C-D bond. Kinetic isotope effects of 
only 1. 1-1.4 have been found for migrations in compounds of type 
(26), so perhaps the absence of a strong effect is not surprisi.ng' 
N- 
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.1. _,P 7T 
The formation of the indenes, by routes shown in Schemes 4 
and 6, is still uncertain but when the decomposition of the 1-
benzyldiazepine (1) was carried out in the presence of tributyl-
phosphine, which acts as a diazo trap, no signals due to the indenes 
were seen in the n.m. r. spectrum of the total product mixture. 
The 5H-diazepine and the hydrazone (27) (n. m. r. signals at 9.  3, 
7. 7 and 4.6 S, intgrating for 1, 1, and 2 protons) were found in a 
ratio of 1:6, whilst g. 1. c. analysis showed the absence of trans, trans-
1, 2-distyrylbenzene,and that the hydrazone decomposed. The 
mechanism thus proposed for the formation of 1-benzyl-2-phenyl-
indene is via a diazo- intermediate (25) (Scheme 10) and the carbene 
(28). Carbene insertion into the vinylic carbon-hydrogen bond 
cannot be ruled out but there is little evidence in the literature to 
support this route. The preferred reaction of a carbene is addition 
to a double bond giving cyclopropanes 156 with insertion into the 
vinyl C-H bond being limited (8%),  but perhaps the carbenes (11) 
and (28) are more sterically suited for insertion than addition. 
(iii) 4-Phenyl- 1H- 2, 3-benzodiazepine 
A previous worker 
142 
 had identified 2-phenylindene as the 
major product from the thermolysis of this 1H-diazepine, but had not 
reported the formation of any 5H-isomer. In view of our earlier 
experiments on other diazepines which had yielded some 5H-isomer 
we decided to re-examine this reaction, after first preparing an 
authentic sample of the expected 5H-diazepine. Alter thermolysis 
in chlorobenzene the total product mixture was examined by n. m. r. 
spectroscopy which showed 2-phenylindene (as diagnosed by the 
signal at 3. 69) as the major product 1 as previously found. 
142 
 No 
5-diazepine was detected - the absence of a singlet at 8. 58 G. The 
slow moving fractions (50%) from the chromatography column were 
composed of three components (h. p. 1.-c. ), none of which were 
characterised. As found in the case of 1-benzyl-4-phenyl-1H-2, 3-
benzodiazepine, the higher was the temperature of the thermolysis 
.LJ 
then the lower was the yield of 5H-diazepine. 
143 
 A kinetic 
study showed that the activation energy (28. 6kcal mol ' ) was 
much less than that of 1-methyl-4-phenyl-1H-2, 3-benzodiazepine 
and so a temperature of 1310  may be considered to be high enough 
to prevent the formation of the 5H-diazepine which was shown, in 
a control experiment, to be stable at this temperature. The 
products would then be those derived by nitrogen-loss from the 
diazepine. 
25. 	fig (v). 
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III 	THERMOLYSES: KINETIC STUDY 
(i) 	l-Methyl-4-phenyl- lH- 2, 3-benzodiazepine. 
The thermal decomposition at 117. 7 
0 
 and 127.7 
0
of 1-
methyl-4 -phenyl- 11-1-2, 3-benzodiazepine (2) (Scheme 2) was 
monitored by n.m. r. spectroscopy. The full sets of n. m. r. 
spectra showed that the doublet (at 1,28) for 1-methyl- 2-phenyl-
indene (5) reached a maximum and then diminished to almost zero. 
It must be stressed that the appearance of (5) preceded the forma-
tion of 3-methyl-Z-phenylindene (4) (diagnosed by the quartet at 
3.66 ). 	Indeed, a plot of [(4)] against ([(2)] - [(2)]), i. e. the 
formation of indene(4) versus the consumption of 1H-diazepine 
[see fig (v)], showed an increasing rate for the formation, confirming 
that indene (4) was being formed by another pathway - that route being 
via indene (5) by base-catalysis with the 5H-diazepine. The yield of 
5H-diazepine (3), found by plots of [5H]v [1H], was ca 47% at both 
temperatures; the product study at 131 ° gave a yield of 51%. 
Unfortunately, the presence of 2-vinyl- trans- stilbene (6) cannot be 
detected in the n. m. r. spectra because its signals fall under the 
aromatic side-bands of diphenyl ether, but in the product study only 
a low value of 2. 5% was found. 
The rate equation for a first-order reaction is Formula I 
(where C is component) 
- d[ C]/dt = k[C] 	 - I 
from which integration gives 
log [C] = - kt/2. 303 + log [C] 	- II 
First-order plots of log [C] against t, i. e. (2 + log [(2)] against 
time [fig (vi)], produced straight line graphs of negative slope for 
- - 	-.- 	- 	- 	the decomposition of the IH- 








T 1 (1 cr3 K-1) 	 2.55 
from Formula Ill. 
k = - 2. 303 x slope 	 - in 










The rate constants for the formation of the 5H-diazepine can be 
found by multiplication of the overall rate constant by the percentage 
yield at each temperature (p.  100). The yields were 50% and 49% 
at 117. 
70 
 and 127. 7° respectively giving rate constants of 2.65 and 
6.81 (both xl0 6s 1) 
From the Arrhenius equation IV 
k = A exp (- E/RT) 	 - IV 
(where E is the activation energy, and A is a constant known 
as the A factor), an equivalent expression (V), derived from tran-
sition state theory, can be used to determine the enthalpy (1H*) 
and entropy (AS*) of activation: . 
log (kIT) = log (kB/h)  + AS*/2.  303R - A14/2. 303RT 	- V 
(where k   is Boltzmann's constant and h is PlancWs constant). 
From formula IV the Arrhenius activation energy was 
calculated from a plot of log k against T_ 
1 
 [see fig (vii)], the slope 
of which is given, by 
E
a 	
- 2. 303R x slope 	 -VI 
A value of (125±25) kJ mo1 1 (30.0 kcalmol ' ) was found for the 
overall decomposition, with a value of 123 kJ mol 	(29.4 kcal mol 1 ) 
for the formation of the 5H-diazepine. 
I ::,b 
From Formula V a plot of log (kIT) against T_ 
1 
 the 
value of AnH may be measured. However, a more accurate 
method (with only two kinetic points) was to find 	and then 
substitute this value into equation (V). Rearranging (V) gives 
equation (VII), 
2. 303RT log (kh/kBT) = T1S - IH 	 - VII 
and substitution of the pair of (k, T) values provided two simul-
taneous equations which yielded both IS and H; AS was 
found to be (-35±70)  J mol K (-8.5 e.u.), and 1H*  was 
calculated as (122±25) kJ mol ' (29. 2 kcal mol) for the overall 
decomposition; for the formation of the 5H-diazepine A S * was 
calculated to be -11.5 e. u. 
The significance of these parameters will be discussed in 
the next sub-section. 
(ii) 	4-Phenyl- 1H- 2, 3-benzodiaz epine 
A trial run of the thermolysis at 117.70  in diphenyl ether 
revealed that a very fast decomposition had occurred - after 24 h 
the n. m. r. spectrum of the mixture showed no signals for the 1H-
diazepine (29) and a variety of other signals. Lower temperatures 
were therefore required and one was conveniently achieved with a 
bath of boiling benzene. The control of the temperature was obviously 
dependent on the atmospheric pressure though during stable climatic 
periods the variation in pressure was not too important. The 
temperature of the bath was continuously monitored and the mean 
value reported. 
The major problem with this compound was the fact that the 
products were difficult to characterise - only 2-phenylindene was 
identified in the n.m. r. spectrum. 4-Phenyl-5H-2, 3-benzodiazepine 
has already been shown not to be formed at 131 ° , though perfectly 
stable at this temperature, but there was a possibility that it might 




























shown to be formed in reduced yield at higher temperatures. 143 
However, the final product mixtures from each thermolysis did not 
contain the 5H-diazepine, as shown by t. 1. c.. 
First-order plots of log [(29)] against time [see fig (viii)] 
produced straight line graphs of negative slope for each decomposi-
tion. As before, the rate constants (k), Ea  [see fig (ix)], AS *  
and 4H*  were all found from the appropriate equations. 
Temperature (K) T(l03K1) k(106s1) 6+ log k 
353 2.8329 (1.14±0.007) 0.0569 
381 2.6247 (17.3±0.8) 1.2380 
390. 7 2. 5595 	:. ( 	55 ± 2.6) 1.7404 
Ea = (125±17)kJmol 
	
(29. 8 kcal rnol 1 ) 
AS 	(-20± 50) Jmol 	1 
	
( -5e.u.) 
120 kJ mol ' 
	
(29. 1 kcal mol) 
Comparison of the rate constants at 117.70 from both 
diazepines gives ratios for the values of Ea  and thus more accurate 
values. The Arrhenius equation can be re-written as equation (VIII). 
logk = logA - E11RT 	 - VIII 
And1 if the A factors are constant in both cases, which approximately 
they are, then 
2. 303 RT log k' = 2. 303 R  log k" + E It - E 
Ea 	a 
from which, by substitution for k' and k", gives E - E 	as 
7.5 kJ mo1 1 , which gives E" = 130 kJ mol 1 [for (2)], and 
Eat = 122 kJ mol 
1 
 [for (29)]. 
The negative values for LS*  for the formation of the 5H-
diazepine (3) and for the overall decomposition of the diazepines are 
consistent with a sigmatropic hydrogen migration (Scheme 5, p.  144) 
as being the rate determining step. 
157 




Ea = 140 kJ mo1 
(ref 59) 
LKC===IK  
= 180 kJ mo1 
(ref 59) 
E= 120 kJ mo1T 	(ref 71) 
E = 188 kJ mol 1 
	
E = 62.5 kJ mo1 
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been found for 1, 5-hydrogen migrations in perdeuteriocyclopenta-
diene '53 (-12 e.u.) and 1-methylcyclopentadiene 158 (-10 e. u. 
This therefore supports the mechanism proposed in Scheme 5 which 
is essentially a reversal of the mode of formation of the diazepines 
which leads to a. diazo -intermediate and carbene. The plot of log k 
versus T
- l
[fig (ix)] for 4-phenyl-1H-2, 3-benzodiazepine apparently 
shows a curve and this may mean that the mechanism changes with 
temperature. Obviously more kinetic results at other temperatures 
below 100° are required on these diazepines to clarify this point. 
The calculated activation energies come at the lower end of 
the values reported for the decomposition of cyclic azo compounds 
(see pi 33). The very low value for Ea  for the tricyclo compound 
has been attributable to a concerted loss of nitrogen (urther reflected 
by the large negative value for z1S), rather than the more general 
one- or two-step production of radicals for the - other heterocycles. 
The results from this kinetic study have not given evidence 
contrary to the mechanisms already proposed from the product and 
mechanistic study. The formation of the 5H-diazepines is by a 1, 5-
migration, and a 1, 5-migration is also, postulated as the first step 
in the formation of the hydrocarbons. 
1jJT P h 
(35) 	M 	 (33) 

























(32) 	 (6) 46 0/c 
101 
IV ACID-CATALYSED DECOMPOSITIONS, 
(i) 	1-Methyl-4-phenyl- 1-2, 3-benzodiazepine. 
a) 	In the presence of toluene-4-sulphonic acid, 
The decomposition of (2) in benzene at 800  in the presence 
of p- toluenes ulphonic acid (1 mol : 1 mol of diazepine) gave the 
5H-isomer (3) and the hydrocarbons (4), (5) and (6) as shown in 
Scheme 11.. Other unidentified products gave 1 H n. m. r. signals 
at 3. 0, 2. 8, 2.3 and 1.4E;. Since no reaction occurs at this 
temperature in the absence of acid both the rearrangement and 
extrusion of nitrogen must be preceded by protonation. In the 
mechanism proposed (Scheme 11) the diazepine is protonated either 
at the 4-position giving (30) which leads to the hydrocarbon products, 
or at the 5-position giving (34) which then loses a proton from the 
1-position to give the 5H-isomer (3). It is suggested that the ring-
opening of (30) gives the diazonium ion (31) which loses nitrogen to 
generate the carbonium ion (32) from which the products (6) and (5) 
are formed by unexceptional routes. The derivation of (4) is less 
obvious; it is more thermodynamically stable than (5) and could be 
formed either by acid- or by base-catalysed isomerisation, with 
the 5H-isomer (3) acting as the base in the latter case. It is known 142 
that 1-phenyl-5H-2,  3-benzodiazepine will catalyse the isomerisation 
of 1-phenylindene into 3-phenylindene, and it has already been shown 
in the kinetic section (p.  156) that (4) derives from (5) in the presence 
of (3). There is also the possibility that both (4) and (5) could derive 
from (32) via (35), and that (6) could be formed from (4) via the 
carhonium ions (32) and (33). 
To test the proposition that (32)is the precursor for (4), (5) 
and (6), and to gain information about the relative stabilities and 
interconvers ions between these hydrocarbons the model compound 
l -trans -2t-styrylphenylethanol (36) was decomposed in benzene with 
varying concentrations of p- toluenes ulphonic acid. Under the con-









   
generated from (36), and in fact the products were 1-methyl-2- 
phenylindene (5), 3-methyl-2-phenylindene (4) and 2-vinyl-trans-
stilbene (6) in ratios that depended on the acid concentration and 
length of reaction (Table, p.  95). These decompositions shwed 
that at low acid concentration (0. 1 mol 1 mol of the 1-2'-ethanol) 
the 2- vinyl- trans -stilbene was formed rapidly but then slowly 
cyclis ed to give 1-methyl- 2-phenylindene, but no 3-methyl- 2- phenyl-
indene was detected after 3 h. At higher acid concentrations (1 mol 
1 mol of 1-2'-ethanol) the cyclisation to the indene was much more 
rapid and 3-methyl- 2-phenylindene (9%)  was found after 48 h, whilst 
at the highest acid concentration used (4. 7 molar ratio) 2-vinyl-trans-
stilbene was not detected (even after 1 mm) and the more stable 3-
methyl- 2-phenylindene was formed from the other indene at an 
appreciable rate. Thus these results show that the carbonium ion 
converts much more rapidly to the 2-vinylstilbene than to 1-
methyl-2-phenylindene, and that the former will undergo acid-
catalysed cyclisation to the latter which in turn can be isomerised 
to the more stable 3-methyl- 2-phenylindene but only at an appreciable 
rate when the acid concentration is high. The results of these 
control experiments therefore support the mechanism proposed 
(Scheme 11) and rule out  major reaction path (34)--(35)-*(4)--- 
(32)->. (6). The slower conversion of the vinyistilbene to 
1-methyl- 2- phenylindene observed in the diazepine decomposition 
compared with that in the decomposition of 1-2'-styrylphenylethanol 
is probably due to the competing protonation of the lii- and 5H- 
lbi 
diaze pines. It also seems possible that (4) is formed by acid-
catalysed isomerisation of (5) in the diazepine decomposition. 
That the initial protonation of the 1H-diazepine was at the 
4- and 5-positions was substantiated by the decomposition in the 
presence of deuterio -p- toluenes ulphonic acid. In the 5H- diazepine 
deuterium was found at the 5-position as shown by m. s. and n. m. r. 
spectroscopy. The n. m. r. spectrum of the crude mixture showed 
an integral ratio of ca 0. 7 to 3. 0 for each of the doublets at 4. 0 and 
3. 16 to the singlet (CH 3 ) at 2. 556, showing that the compound was 
deuteriated at the 5-position with an approximate deuterium content 
of 60%.  M. s. was used to calculate the deuterium content; the 
parent ion 
(p+), 
 parent- minus -b enzonitrile 
(p+ 
 -103), and the 
fragment formed by further loss of Cl-I 3 (m/e 116) [molecular ions 











confirming that the detuerium is at the 5-position. The theoretical 
value of 67% deuterium incorporation (as a deuteron adds to the 1H-
diazepine so a proton is lost from the 1-position, thus decreasing 
the proportion of deuterons in the acid) was not reached,possibly due 
to an isotope effect for preferred protonation rather than deuterona-
tion or because the acid was less than 100% deuteriated. Examina-
tion of the vinyistilbene by m. s. and n. m. r. spectroscopy showed 
that the deuterium content was 26% [see appendix 4 (v)] and that the 
alkenic signal structure for the n-protons was unchanged, compared 
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D 	 (6cz) 
In ethanol in the presence of toluene-4-sulphonic acid. 
This reaction (Scheme 12) carried out for 17. 5h gave recovered 
starting material (20%), the 5H-isomer (20%),  and 1-2'-styrylphenylthyl 
ethyl ether (40, 60%)  as the only other product. The absence of 
the hydrocarbon products, e. g. (6), formed when the solvent was 
benzene suggests either (a) that (32) reacts rapidly and quantitatively 
with ethanol to give (40), or (b) that (32) is not formed and the ether 
is formed by an SNZ  reaction of ethanol with the diazonium ion (31), 
or (c) that (6) is rapidly converted to (40) under the reaction con-
ditions. Again it proved possible to differentiate between these 
possibilities by carrying out a control experiment using l-trans-2'-
styrylphenylethanol. Under identical conditions this gave the 
ether (40, 25%),  1-m ethyl- 2-phenylindene (65%),  and very little 
(<2%) 2- vinyls tilbene. A further control experiment, showed that 
the 2-vinylstilbene is not converted to (40) under these conditions 
These results therefore rule out (a) and (c) and support the proposal 
that the intermediate (31) is intercepted by reaction with solvent to 
give (40) and that (32) is not generated in this solvent. 
In acetic acid. 
Decomposition of (2) in glacial acetic acid (Scheme 13) gave 
1- 2'-styrylphenylethyl acetate (41, 64%) and 2-vinyl-trans--s tilbene 
(3 6 %). The ester was identified by comparison with an authentic 







trans ::il:lIIIIIIIIIIII] (43) 
+ c's 	(2:1) 	 520/6 
LOD 
acetic anhydride; the product was very susceptible to hydrolysis 
giving back the 1-2'-ethanol (50%) on chromatography of the total 
product mixture. 
The formation of the vinyistilbene must reflect the lower 
nucleophilicity of acetic acid compared to ethanol so that (31) is 
not completely intercepted in this case, but decomposed to (32). 
(ii) 	1-Benzyl-4-phenyl-1H-2, 3-benzodiazepine. 
a) 	In benzene in the presence of toluene -4-sulphonic acid. 
Under similar reaction conditions as the previous diazepine 
(experiment la), (1) gave trans, trans- and cis, trans-1, 2-distyryl-
benzene and 1-benzyl-4-phenyl-5H-2, 3-benzodiazepine (43) (Scheme 
14). The formation of these products can readily be rationalised on 
the basis of the mechanism developed above. Thus the carbonium 
ion (44) leads to both trans, trans- and cis, trans -distyrylbenz ene as 
would be expected from Moritani's observations 
125 




and cis-stilbene were formed (in a 2:1 ratio) from (45). The absence 
of detectable quantities of indene products parallels the absence of 
(46) in the decomposition of (2) or (36) or (6) in the last experiment; 







apparently either (6) and (20) are resistant to protonation in the 
styryl group or the derived carbonium ion (44) does not cyclise. 
b) 	In ethanol in the presence of toluene-4-sulphonic acid. 
The results here again paralled those in the last experiment 
(jib) in giving only the 5H-diazepine and the ether (47) (Scheme 15). 
2-Phenyl-l- trans- 2'-styrylphenylethyl ethyl ether (47) had a typical 
ABX n. m. r. spectrum [fig (x)] showing the non-equivalence of the 
methylene protons. The methine proton gave a pair of overlapping 
doublets at 4. 8 9 and the methylene protons gave a pair of doublets 
at 2. 96 S (J 6 Hz) and 3. 05 5 (J 7 Hz). Irradiation at the frequency 
for H' (or H") produced a doublet (3 7 Hz) plus a singlet for the 1-
hydrogen, and irradiation at this singlet (4. 72 6) collapsed the 
double-doublet to a doublet (3 7 Hz) and a singlet (2. 966). 
A second substance (48, 16%)  containing the ethoxy group was 
also extracted from the reaction mixture. Its n. m. r. spectrum 
[fig.(x)] showed a triplet/quartet at 1. 3 and 3.758, and a singlet at 
4. 66 (two protons). The aromatic region showed four low-field 
protons at 8. IS, and 12-14 other aromatic protons. Attempts to 
further analyse the substance by g. c. -rn. s. or crystallisation 
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R = H, OMe. 
.I_'J I 
B. SYNTHESIS AND THERMAL REACTIONS OF 
3H-BENZO[c][1, 2]DIAZEPINES. 
The thermal decomposition of the 3H-1, 2-benzodiazepine 
(49) has been previously investigated by McEwan
145,159 
 who showed 
two pathways for the decomposition. In the gas phase [flash vacuum 
pyrolysis (f. v. p.) at 4000]  the major products, after hydrogenation, 
were (51) and (52) with a minor yield of (53) (Scheme 16). The 
formation of the major products was explained in terms of the di-
radical intermediate (50) which was formed by either direct extrusion 
of nitrogen or by electrocyclic ring-opening followed by nitrogen loss. 
In the solution phase (chlorobenzene, 131 0) the major products were 
(56) and (57) (Scheme 17). Here the mechanism was shown to involve 
an equilibrium between the 31-1-diazepine (49) and the 3H-indazole 
(54), with the products being derived from the carbene (55). 
The purpose of this work was to further investigate this reaction 
with particular regard to the mechanism of formation of the indazole 
(54) and the diene (57) and to determine whether or not the hydro-
carbon products were formed by nitrogen extrusion from the diazepine 
or the indazole or both. 
I 	SYNTHESES OF 3H-1, 2- BENZ ODIAZEptNES 
The route to these diazepines is shown in Scheme 18. Starting 
with 2-carbethoxycyclopentanone, the ketone carbonyl was protected 
from Grignard attack by conversion to the ketal (58). The diazepines 
were then prepared in the usual way, as for the 1H-2, 3-benzodiaze-
pines (p. 138). 
The decomposition of the sodium salt of the tosylhydrazone of 
2-(di.-rn-methoxyphenylmethylene)cyc lop entanone (59; R = OMe) gave 
two diazepines (60) and (61), in a ratio of 7:3, by cyclisation at the 
positions ortho and para to the methoxy group. The preferred 
formation of 1, 2, 3, 3a-tetrahydro-6-.methoxy-3-rn-methoxyphenyl- 
uo 
MeOvj 
(6O) 	 (61) 
Me 
benzo[c]cyclopenta[f][1, 2]diazepine (60) rather than the 8-methoxy-
isomer (61) is not easy to rationalise in terms of simple steric or 
electronic effects. There is no obvious reason why (60)should be 
more thermodynamically stable than (61) therefore it seems likely 
that the product distribution is controlled by kinetic factors. Steric 
effects would be expected to favour (61) rather than (60) since the 
latter requires attack at the more hindered position ortho to the 
subs tituent, but it is difficult to be certain about this because 
precise geometric requirements and the degree of N-C bond forma-
tion in the transition state are not yet known. Polar effects may be 
operating but dipole interactions do not explain regioselectivity in 
intermolecular 1, 3-dipolar addition reactions (see p.  15-20) or the 
effects may be related to the molecular orbital coefficients at the 
o- and p- positions, the one favoured being that which gives the best 
overlap with the orbital on the leading nitrogen at the other end of 
the7t-system. This and other directive effects of other substituents 
are currently under investigation. 
160 
 The formation at 80 ° ) of 
these two diazepines, (60) and (61), was monitored by h. p. 1. c. which 
showed the-preferred formation of (60) followed by its slow conversion 
into (61), indicating that this preparation had kinetically and thermo-
dynamically controlled reaction steps. The kinetic control favours 
(60), whilst thermodynamically the more stable isomer is (61) due 
to less steric crowding. Thus a preparative route to the 8-methoxy-
diazepine was by thermal rearrangement (1310,  180 mm) of the 6-
inc tho xy - isomer. 
J.'J , 
The deuterium labelled benzodiazepine (63) was obtained 
from labelled tosylhydrazone (62) which was prepared by crystallisa- 
1.Na 






tion of the unlabelled compound from mixtures of [O- 2H]ethanol and 
benzene. The n. m. r. spectrum of the tosyihydrazone (6 2) revealed 
a triplet (J 7 Hz) rather than an apparent quartet for the 4-protons 
(at 1.758) and from the integrals a value of 95.% (± 5%)  for the 
deuterium content was found. Comparison of the mass spectra (13 
and .  70eV for m/e 234) of the labelled and unlabelled tosylhydrazones 
showed the deuterium content of (62) to be 7/43/50 for d 0 /d 1 /d 2 , 
giving an overall deuterium content of 71%.  Mass spectral analysis 
showed that the derived benzodiazepine (63) had an isotopic distribu-
tion of 3/13/73/11 for d /d /d /d for the parent (70eV) but for the 
+- 	
0123 
(P N 2) fragment the distribution was found to be 1/11/88 (at 13 and 
70eV). The differences in the findings may be due to the various 
types of fragments being measured leading to loss of protium or 
deuterium and giving varying deuterium contents. The 1 H n. m. r. 
spectrum of the labelled diazepine proved interesting and revealed 
a misassignment of the absorptions of the aliphatic 3- and 3a-protons 
in the original publication. 
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 In (6 3) the 3a-proton gave a singlet 
at 2. 77 S whereas it had been thought that this proton was responsible 
for the multiplet at 3. itS which was absent in the spectrum of the 
deuteriated species. This latter signal is now assigned to the 3-
proton most nearly in the plane of the azo group and preferentially 
deshielded by. it. 
I (U 
11 	PREPARATION OF 3H-fl\IDAZOLES BY THE ISOMERISA- 
TION OF 3H-1, 2-BENZODL'.ZEPINES 
When this work was undertaken the only example of the 
thermal equilibration between 3H-1, 2-benzodiazepines and 3H- 
145, 146 
indazoles which had been studied 	is that shown in Scheme 
17 between (49) and (54). The purpose of this investigation was to 
study the generality of this reaction using analogous compounds 
having various substituents on the aromatic rings and to find the 
best method for the preparative conversion of the diazepines to the 
indazoles. Pure samples of the indazoles were required for 
identification purposes and for calibration of the h. p. 1. c. apparatus 
used in the kinetic study of these reactions (p.  102-107). 
The first method examined for the conversion df the diazepines 
to indazoles was the f. v. p. technique of McEwan. 
145
This was 
found to be slow and the experiments difficult to replicate since the 
degree of conversion depended critically on the contact time in the 
furnace; if the contact time was too short then there was little con-
version, and if too long or the furnace temperature too high then 
much nitrogen extrusion occurred giving hydrocarbon products. The 
low volatility of the diazepine also made it difficult to achieve complete 
transfer into the furnace. In view of these problems, alternative 
methods were sought and the first to be tried was the solution phase 
isomerisation, in xylene, monitored by h. p.  1. c. so that the reaction 
could be stopped and worked up on reaching the maximum concentra-
tion of indazole. This method provided a tolerable yield of indazole 
(54, 35%),  but extensive conversion to hydrocarbons (37%) also 
occurred. Eventually it was discovered that gentle daylight 
photolysis of the diazepine solutions provided the best preparative 
methods good conversions being obtained in 2-4 days of summer sun- 
light. In all cases the indazoles were separated from the hydrocarbons 
and residual diazepine by dry column chromatography, and all proved 
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The five new indazoles [(64) --3-(68)] were identified by their 
and 13 C n. m. r., and mass spectra. In the proton spectra the 
2 1 -proton gave a triplet at 5.656 (for each indazole). The 7-proton 
was deshielded by the azo group, e. g. (54) gave a multiplet at 8. iS. 
Substituents at the 6-position simplified this multiplet giving a 
singlet for (65), and a doublet (J 2 Hz) for (64). The indazoles (66) 
and (68), with 7-substitution, did not give low field signa].S, whilst 
the 5-methoxy substituted indazole (67) gave an AB doublet (J 9 Hz) 
at 8. iS. In the 13 C n. m. r. spectra a diagnostic peak for C-3 of 
the indazoles was found in the region 99-100 p. p.m., the chemical 
shift being similar to that of the saturated 3-carbon of 3H-pyrazoles 48 
of type shown below and quite different from the sp 3 carbon (the 3a-
carbon) of the diazepine precursors which absorbed typically in the 





from Me Si 
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The mass spectra of the 31-1-indazoles had several common. 
fe..tures including small parent peaks, base peaks of (P ­ N
2 
 )*with 
further fragmentation by loss of C 
2 H 4 
 from the cyclopentene ring. 
The methyl-substituted indazoles showed signs of tropylium frag- 
mentation, as expected for tolyl groups, whilst the methoxy- substituted 

























III THERMOLYSIS OF 3H-1, 2-BENZODIAZEP]NES: 
PRODUCT AND MECHANISTIC STUDY. 
The thermal decomposition of (49), studied by McEwan, 145 
was repeated and the products (Scheme 19) were analysed by g. 1. c. 
and 'H n. m. r. spectroscopy. Some difficulty was experienced in 
obtaining reproducible product ratios in this reaction; in only one 
case could a similar product distribution recorded by McEwan be 
obtained - given in [ ] in the Scheme - all other reactions gave 
the diene (57) as the major product with little (56) and (69). Reasons 
for this anomaly were sought but no satisfactory explanation has been 
found; it is not due to a concentration effect since although the 
anomalous experiment was carried out on a large scale the diazepine/ 
solvent ratio was the same as a smaller scale experiment; nor was 
it due to the effects of light and air. Sunlight does affect the course 
of the reaction; it accelerates it and produces an increase in the 
1 luorene (70) from 3 to 10%, but does not produce the high yields of 
(56) and (69) observed in the anomalous experiment. Since (70) is 
derived from the diradical (50)145  and not from the carbene (55) it 
would appear that (50) is formed by. photolysis of either the benzo-
diazepine or the indazole, probably the indazole because Clossl6l 
has reported fluorene formation in the photolysis of 3-phenylindazoles 
(71). 
Me 	Ph 








































(57) + SH 
Several possible mechanisms (Scheme 20) have been drawn 
up to explain the thermal conversion of the benzodiazepine (49) into 
the products (in Scheme 19). This scheme shown is substantially 
the same as that proposed by McEwan and this work was intended 
to test several of the steps and in particular to determine the mechanism 
of formation of the diene (57), and the role played by the indazole (54). 
There have been two suggested mechanisms for the formation 
of the diene (57) involving two different reactive intermediates. The 
first is derived from the mechanism which satisfactorily explains 146  
the high temperature gas phase pyrolysis of (49) which gives only 











It seemed possible that in solution the diradical (50) could abstract 
hydrogen from the solvent, and that the derived allyl and solvent 
(50)+SH 
radicals could undergo clisproportionation to give the diene. This 
mechanism was tested by McEwan 145  by using perdeuteriotoluene 
.L ('* 
as the solvent which, if the mechanism is correct, should lead to 
diene with one deuteron in the phenyl ring. No deuterium incor-
poration was found and this result has been confirmed in this work 
by repeating the reaction and subjecting the products, and their 
hydrogenated derivatives, to careful g. c. -rn. s. analysis. The 
major product was the diene (57; >90% of the hydrocarbons), in 
contrast to the 26% previously found. 
145 
 Solvent participation is 
therefore ruled out and the only other way in which (57) could be 
derived from (50) is by intramolecular abstraction of one of the 3-
hydrogens by the aryl radical. Molecular models show that this is 
Ph 
highly unlikely for steric reasons since the closest approach of the two 
centres is ca 0.45 nm and it would also require that the aryl radical 
abstracted the 3-hydrogen in preference to combining with the radical 
on carbon- 2. 
The second possible mechanism of diene formation involves 
what is essentially a reversal of the mode of formation of the diazepine. 
It is suggested that the diazepine is in equilibrium with the diazo 
compound (72) via a 1, 5-sigmatropic hydrogen shift and electrocyclic 
ring-opening. At 80 ° , the temperature used in the synthesis of (49) 
from (72), the equilibria favour (49) and the competing nitrogen 
extrusion from (72) is very slow; but at the higher temperature used 
in the thermolysis of (49),the loss of nitrogen is faster and leads to 
the carbene (55) and thence the diene. This last step is well known 
to be a fast reaction of singlet carbene with adjacent C-H bonds 
(see Introduction, p.  51). 
Several approaches have been used to test this mechanism, the 

















was already known that (72), generated from the tosyihydrazone 
salt precursor at 800,  could be trapped very effectively by tn-
butylphosphine (Scheme 21). 	Consequently the decomposition 
of the diazepine was carried out in the presence of tnibutyiphosphine 
and it gave a high yield ( 9 0 %) of the hydrazone (73), together with 
the indazole (54, 7%)  and the hydrocarbon (56, 3 %). No diene was 
formed in this reaction so this result supports the proposal that the 
diazo-alkene (72) is an intermediate in the thermolysis and that it is 
the precursor for (57). An alternative explanation for the formation 
of the hydrazone (73) is that it is formed not via (72) but by nucleo-
philic attack of the butyiphosphine on the diazepine and that this 
reaction would be so fast that the normal thermolysis products are 
not observed. This argument is refuted by a kinetic study which 
shows that the overall decomposition rate of (49) is thcreased by 
ca 25% when the phosphine is present - figure (xi). This increase 
must be due to the fast reaction of (72) with the butylphosphine which 
reduces the amount of recyclisation to (49) and hence increases the 
rate of diazepine consumption. It is also interesting to note that 
the phosphine does not significantly inhibit the interconversion of 
the diazepine and the indazole; the intermediate involved here, (74) 
or (76), is clearly not reactive to the phosphine. The mechanism 
of indazole formation will be discussed more fully later. The small 
yield of the hydrocarbon (56) was virtually unaffected by the presence 
of the phosphine suggesting that it is not derived from (72)1(57) but 
from the diradical (50). The results from the large scale reaction 
in the presence of tributyiphosphine were confirmed by g. 1. c. 
analysis of the products from the two kinetics experiments. 
The second test of the mechanism was concerned with the 
carbene (55) to diene (57) step. If the carbene were the alkene 
precursor then the use of the dideuterio-diazepine (63) should result 
in the diene (77) with deuterium at both vinylic positions. The 
diazepine could not be prepared fully deuteriated at the 3-position 
as shown, but had 1% d0 , 11%I  and 88 %d 2. Decomposition of this 
lib 




(63) 	 (77) 
in the usual way gave the diene (77, 83%)  which was separated from 
the reaction mixture and hydrogenated to the labelled (diphenyl-
methyl)cyclopentane (78). The isotopic composition of the product 
both before and after hydrogenation was determined,by m. S.) to be 
7%d , 7 9%d 1  and 14%d 2. (A repeat experiment gave 
58%d 1  and  39%d2).  This resultshowing a loss of deuterium and 
acquisition of protium in diene formation, conflicts directly with the 
earlier result that deuterium from deuteriated solvents, is not 
incorporated. The n. m. r. spectrum of the diene (77) showed that 
the remaining deuterium was located at the 1-position with mostly 
protium in the 2-position. This result is not easy to explain it 
is not explicable in terms of isotope effects, but perhaps both the 
lOSS of deuterium and the non-reproducibility of the result in terms 
of the deuterium content of the diene could be due to the presence of 
ethanol (the solvent for crystallisation) in the crystals of the 
labelled diazepine. This would not have been detected by m. s. and 
may even interfere with the mass spectrum itself. If protic materials 
were present,part of the diene could be formed via the diazonium ion: 
SCHEME 22. 
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This would explain both the loss of deuterium and the distribution 
of the remaining deuterium in the product, but a decomposition of 
unlabelled diazepine in the presence of deuterium oxide gave the 
anomalous product distribution with no deuterium in the diene. 
There is no direct evidence that the diazepine contained ethanol, 
and it remains that this experiment is unsatisfactory,but unfortunately 
there was not enough time to pursue the necessary experiments. 
The third piece of evidence which bears on the mechanism of 
the diene formation derives from a surprising observation made 
during the kinetic study of the expected isomerisation of the 6-
methoxybenzodiazepine (60) to the indazole (66). It was found that 
this diazepine underwent conversion to a new compound (observed by 
h; p. 1. c.) very much more rapidly than any previous diazepine had 
converted to its indazole isomer, and that continued thermolysis 
produced two more isomeric products which formed more slowly. 
Isolation of the first formed product showed that it was the 8-methoxy-
diazepine (61) and not (66); continuation of the reaction of course 
produced both isomeric indazoles (66) and (67) (Scheme 22). 
Previous work on the synthesis of (60) and (61) from (79) 144 
had shown that (60) is the preferred product (7:3 ratio) at 80 0 , but 
the interconversion of (60) and (61) at higher temperatures had not 
been studied. The results of a kinetic study of this reaction at 131 ° 
are shown in figure (xii) and illustrate the rapid build up of the more 
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treatment does not always apply to systems containing heteroatoms. 162 
None of these results reported here exclude a concerted mechanism. 
If the reaction is not concerted then the intermediate (' ) may 
be represented either as a delocalised allyl/diazenyl radical (76) or as 
the equivalent structure with electron pairing e. g. the 1, 3-dipolar 
canonical form (74). It is not possible to comment constructively 
on the electron distribution in such an intermediate but on the basis 
of the known relatively high stability and non-radical character of 
unsaturated diazo compounds it seems likely that it is better 
represented as an extended dipole rather than a diradical. The only 
chemical evidence on the nature of the intermediate is negative - it 
is not trapped by tributylphosphine. However, (4 ) would be 
expected to have a very short lifetime since it can take two very 
facile intramolecular pathways to the diazepin.e or indazole and so 
its interception may not be possible. The formation of the inter-
mediate can be envisaged either as a homolytic cleavage of the azo-
allyl carbon bond which is well known to be faster than that of azo-
aryl carbon bonds (see p. 32) or as an electrocyclic ring-opening to 
the extended dipolar species. Differentiation between these modes 
might be possible by e. s. r. for the photochemical. reaction by 
iou 
irradiation in a matrix at low temperature. It is worth noting that 
the isomeric 6- and 8-methoxydiazepines [(60) and (61), Scheme 22] 
were converted, in sunlight, into (66) and (67) respectively with no 
isomerisation between (60) and (61), and this provides further 
evidence for completely different pathways for the diene formation/ 
diazepirLe interconversion reaction and the isomerisation to the 
indazo 1 e. 
The major unsolved problem remaining was the role of the 
indazole in the decomposition reaction (Scheme 20); does the 
indazole decompose to give hydrocarbon products or are they all 





There was no way to determine this from product studies so the 



















IV 	THERMOLYSIS OF 3H-1, 2- BENZ ODIAZEPINES: 
KINETIC STUDY. 
Although previous work on the solution phase decomposition 
of the diazepine (49) had demonstrated its reversible interconver-
sion with the indazole (54) it could not be shown whether the ultimate 
hydrocarbon products were formed by nitrogen extrusion from the 
diazepine or the indazole or from both. The mechanistic studies 
reported earlier in this thesis pointed to nitrogen extrustion from 
(49) as the route to the major product 3-diphenylmethylenecyclo-
pentene (57), but did not prove conclusively that the whole decompo-
sition was channelled through this isomer. The three possible 
reaction schemes are shown in figure (xiii). The prvious study 145 
could not differentiate between schemes A and B but did exclude 
scheme C in which nitrogen is lost only from the indazole. It 
seemed likely that the problem could be resolved by a careful kinetic 
study of the system e. g. by determining concentration-time profiles 
for both (49) and (54) from separate thermolyses starting in one case 
with the diazepine and in the other with the indazole. Since the rate 
of equilibration between (49) and (54) is not very much faster than the 
overall rate of nitrogen loss,then if scheme B operates the experiment 
using diazepine as starting material should lead to a faster initial 
rate of nitrogen loss than the experiment starting with the indazole. 
• 	The rate constants for systems such as this which involve an 
equilibrium preceding decomposition are not easy to determine 
directly but can be found from the concentration-time measurements 
by an iterative method using the computer programme CHEKMAT. 148 
In this method the computer is presented with a possible reaction 
scheme, •e. g. scheme A, and will determine the values of k 1 —. k4 
which provide the best fit with the experimental data. If the reaction 
scheme is wrong then a good fit cannot be obtained and another reaction 
scheme must be tried. In this work the intention was to use scheme A 
and determine k 1 — k4 for the experiment with (49) as the starting 
material and hopefully to confirm these rate constants by a separate 
J~~OEt 	Ph 




analysis of the data from the experiment with (54) as the starting 
material. If schemes B or C were in operation then this analysis 
should produce very low values for k4 or k3 respectively. 
By carrying out the thermolysis in solvents of different 
polarity it was hoped that a solvent effect on k 1 and k 2 would 
clarify the mechanism of diazepine-indazole interconversion (Scheme 
23). 
(a) 	Experimental Method. 
The concentrations of the diazepine and indazole were 
monitored by h. p. 1. c. 
145 
 using an ultraviolet detector. This is a 
recently developed technique for quantitative and qualitative analysis, 
and is in many ways analogous to g. 1. c. but suitable for both very 
high molecular weights and thermally sensitive compounds for which 
g. 1. c. cannot be used. Experimental theory that has been developed 
for g. 1. c. has been found to be applicable, 
163 
 with minor modifica-
tions, to liquid chromatography. By using high pressures and very 
small particles, liquid chromatography can rival g. 1. c. in speed and 
in resolving power. 
164 
 Both pressure intensifier and mechanical 
pumps were used to pump the eluting solvent through the columns at 
ca 2-8 ml min- m 1 - the low flow rates being used for difficult separa-
tions when high efficiency was required. The water content of the 
eluant was carefully controlled to give reproducible retention 
volumes (times). 
Samples were injected through a rubber septum into a layer 
of glass beads at the top of the column. The eluted components were 
detected using a u. v. monitor operating at 254 nm; a typical trace 
is shown in figure (xiv). Quantitative analysis was carried out using 
diethyl phthalate as an internal standard. 
145 
 The relative extinction 
coefficients (rec ) of the diazepine, indazole and marker were 
determined using standard mixtures with the peak areas being 
measured by three methods: 
a) product of peak height and peak width at half-height, 
• 	run 1 
,. run  
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(all rate constants in 10 4min 1 ) 
Scheme A 
diazepine indazole mean 
run 	1 run 2 run 	1 run 2 
7.95 8.24 8.16 8.65 8.26 
k 2 4.00 4.26 4.30 4.24 4.20 
3.32 3.09 3.58 3.44 3.36 
k4 
 
0.21 0. 26 0.0001 0.00006 0.004 
K 1.99 1.93 1.90 2.04. 1.97 
Scheme B 
diazepine 	 indazole 	 * 
k 1 7.95 8. 21 8.16 8.65 8.24 
k 2 4.18 4.49 4.30 4.24 4.30 
3.52 3.40 3.58 3.44 3.49 
K 1.90 1.83 1.90 2.04 1.92 
these values used for CHEK simulation. 
10 -5 
product of peak height and retention time, 165 
electronic integration. 
The three methods gave slightly different peak area ratios, method 
being the least accurate due to the narrow peaks, but the concen-
tration-time graphs were the same for each method. The values 
reported were those using the electronic integrator. 
Kinetic study of the isomerisation of 1, 2, 3,3a-tetrahydro-
10-phenylbenzo[c]cyclopenta[f][1, 2]diazepine into 3-1'- 
cyclopenten.yl-3-phenylindazole at 130. 1±0. 20 
(i) 	In hexadecane. 
The variation of the concentrations of the diazpine and 
indazole with time are given in Tables 7 and 8 for the experiments in 
which the diazepine was the starting materialand in Tables 11 and 12 
for the experiments in which the indazole was the starting material; 
the data are displayed as the points in figures (xv) and (xvi) respec-
tively. Use of the CHEKMAT programme and scheme A gave the 
rate constants in Table 20. To confirm that the derived rate constants 
gave a good fit with the experimental points they were used in the 
CHEK 148 simulation programme which gave the concentration-time 
profiles shown as lines superimposed on the experimental points in 
figures (xv) and (xvi). 
For both experiments k 4 was low compared with k 3 showing 
that nitrogen extrusion occurs almost exclusively from the diazepine 
and that the indazole is not directly involved in product formation. 
This is consistent with reports that although 3H-indazoles readily 
lose nitrogen on irradiation 
161 
 they are thermally quite stable and 
react via group migration to nitrogen 
89 
 rather than by loss of nitrogen. 
The rate constants were also calculated for scheme B (Ic 4 = 0) and 
given in Table 20. The equilibrium constant K (= k 1 /k 2) is 1. 95 
showing that the indazole is more thermodynamically stable than the 
diazepine by 2. 2 kJ mol 1(0.  54 k cairnol 
1; 










The observation that k4 is small or zero is interesting in 
the context of the mechanism for the rearrangement of the indazole 
to the diazepine. It was suggested earlier (p. 178) that this rearrange-
ment, if not concerted, must involve an intermediate which could be 
drawn either as a delocalised dipole or diradical. 
Under these conditions therefore,the rate of recyclisation of this 
intermediate must be very much faster than its rate of nitrogen loss. 
This is supported by the virtual absence of the fluorene (70) which is 
known to he derived from the diradical (50) which is formed in high 
yield in the high temperature vapour phase reaction. 
145 
 It seems 
Ph 
Ph 
0 07 0 
(56) (50) 
likeiy,therefore,that the other solution phase product (56) which could 
be formed from either (50) or the carbene (55), derives mainly from 
the latter. 
The values previously reported by McEwan '45 were k 1 = 14. 0, 
= 4. 9, k 3 	1. 3, k4 =1.1 (all x lO4min 
1, 
 at 131. 4 0) and 
k 1 = 13. 1, k 2 = 5. 9, k 3 = 4. 1 with k4 set zero. These are higher 
values than those obtained (at 130. 1 0 ) in this thesis,but the higher 
temperature may account for the differences. 
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(all rate constants in 10 4min) 
Scheme A 
diazepine indazole mean 
run 	1 run 	2 run 1 run 2 
3.69 3.48 4.41 5.07 4.16 
k 2 1.77 1.59 2.04 2.18 1.90 
k3 3.52 3.75 4.44 3,41 3.78 
k4 0.0006 0.17 0.0002 0.002 O 003 
K 2.08 2.19 2.16 2. 32 2. 20 
Si'hc.ry. i. 
diazepine indazole mean 
3.69 3.64 4.41 5.07 4.20 
k 2 1.77 1.70 2.04 2.18 1.92 
k3 3.52 3.83 4.44 3.41 3.80 
K 2.08 2.04 2.16 2.32 2. 19 
* these values used for CHEK simulation. 
1o) 
(ii) 	In benzonitrile 
Analysis of the samples from the decomposition in benzo-
nitrile was carried out as usual by h. p.  1. c. but the eluant now 
contained some ether to resolve the aromatic solvent from the 
indazole; this caused a small change in the extinction coefficients. 
The tabulated results for the diazepine (Tables 9 and 10), and the 
indazole (Tables 13 and 14) are displayed as the points in figures 
(xvii) and (xviii) respectively, and the derived rate constants given 
in Table 21. Again the rate constants for the scheme C mechanism 
have not been calculated because a free choice for k 1-*k4 gives 
k4 0, and' there has been a fair fit between the decompositions 
starting with the diazepine and with the indazole. 
Benzonitrile is much more polar (dielectric constant E 0 = 25 
at 20° ) than the hydrocarbon (2 = 2. 0) used in the previous experiment, 
but its effect on the reactions was small. The rate of decomposition 
of the diazepine, k 3 , increased from 3.4 x 10 -4 min- to 3.8 x 
min 	indicates little polarity change in the molecule in the 
rate determining step i. e. it is consistent with the slow step being 
the 1, 5-sigmatropic hydrogen shift to give (80) which would not be 








• 	(55) 	 (72) N- 
Ar 	 Ar 







.L L' 'J 
opening reaction to give the diazo-alkene (72) could be accelerated 
in benzonitrile if the transition state resembles (72). Liu and 
Toriyarna6 also found little solvent effect in the decomposition of 
arylchloro44zi*-i.s (81) to give carbene-derived products, and 
concluded that the intermediate was primarily the diradical (82). 
Both k 1 and k 2 were reduced to about half the values in 
hexadecane; the effect is small and suggests that dipolar structures 
such as (74) are not involved as intermediates in the diazepine-
indazole interconversion. Thus, either the intermediate is best 
represented as a non-polar diradical (76) or the rearrangement is 
concerted. This problem could, be resolved if k 1 and k 2 could 
be measured with sufficient precision at several temperatures to allow 
calculation of LS 	but this was not attempted in the present work. 
(c) 	Kinetic study of the isomerisation of substituted diazepines 
with the corresponding indazoles. 
The kinetic study of the thermolysis (hexadecane at 130. 1 0 ) of 
the diazepines (83), (84), (85) and (60) was carried out to measure 
the rates of decomposition of these diazepines and to see if the rates 
were subject to substituent effects. Owing to time limitations the 
decompositions were usually carried out only once with the diazepine 
as starting material. 
The therrnolyses of the rn, 6-substituted diazenines (85), (60) 
R 
06) 	(17) 
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Table 22 
M, 6-Me 	k 13.03 rn,6-MeO 
1 
1( 1 =4 . 97 
k 2 2.62 
Ic 3 7.25 
k   0.02 
k 7.23 
K =1.68 
k   4.31 
k   4.66 
k   0.00004 
Ic 9.37 
K 3 =168 
k 1 5.59 
parent system k 	8. 25 
K=1.95 


















run 1 run 2 run 3 
k  97.5 28.8 28.1 
k   10.9 1.9 5.2 
k 3 1434 441 335 
k4 0.13 228 0.11 
k   4.6 4.1 5.0 
Ic 6 1.6 1.4 4.8 
k   0.64 8.6 11.5 
k  615 1321 1957 
Ic 281 438 572 
Ic set 0 set 0 0. 13 
10 
-4.-i 
(all k in units of 10 	-m) 
10(  
was complicated by the isomerisation to the i-n, 8-substituted 
isomers (86) and (61), and so the basic reaction schemes in figure 
(xiii) were expanded to incorporate the extra components [see fig 
(xix)]. Use of this scheme in the CHEKMAT programme gave the 
rate constants in Table 22 and like the earlier scheme produced low 
values for k4 and k8 (decomposition via the indazole). Although 
scheme A' describes the gross features of the reaction it does not 
incorporate the earlier finding that both the interconversion between 
(60) and (61) and their decomposition take place via the diazo-inter-
mediate (79). The full mechanism is shown in scheme D (fig. xx). 
Ar 
R 79) H ", OM 
The signifcance of k
33 
 k7 , k9 and k 10 from scheme A' is there-
fore limited as they are composites of the rate constants k 3 ,. k4 , 
k 7 , k8 and k of scheme D. 
To calculate accurately the rate constants for scheme D the 
CHEKMAT programme would require the concentration of all those 
components participating in equilibria,but since that of (79) is unknown 
the problem cannot be solved. However,since the concentration of 
(79) would be expected to be very small,attempts were made with it 
set at zero (run 1) and with it given a value of 1 unit (0. 1%)  only for 
the earliest time (94 mm) and zero after that (run 2) (Table 23). 
The rate constants for run 2 produced a much better fit using the 
CHEK programme with the experimental points than did run 1. 
Inclusion of rate constants for nitrogen loss from the two diazepines 
and two indazoles was not possible because the computer programme 
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f i ,, I v V 
parent 
(49) 
Scheme A Scheme B 
k 1 10.04 10.03 
k 2 4.41 5.07 
Ic 3 1.32 2.13 
0.72 set  
K 2.28 1.98 
k  5.87 4.65 
k  2.40 4.47 
k 1.82 4.44 
k4 3.50 set  
K 2.45 1.04 
k  8.25 
K = 1. 95 
k  4.25 
k 3 3.5 
k  0.0 
(all rate constants x 104min1) 
decomposition via diazepine (60) (run 3) and was found to provide 
only 0. 02% of the decomposition, thus confirming the decomposition 
via the diazo-alkene (79) and the validity of scheme D. The data on 
Tables 18 (for (85)) and 19 (for-(60)) is shown graphically in figures 
(xxi) and (xxii) respectively, along with the simulation curves for 
scheme B' and scheme D rate constants. 
The major difference between the methyl-and methoxy-
substituted diazepines (85) and (60) is the astonishing rate of con-
version of the rn, 6-methoxydiazepine (60) into the 8-isomer (61). 
For this isomerisation the rate constant is 281 x 10 -4 min- 
I 
 (scheme 
A') which is ca 30 times as large as for the corresponding isomerisation 
of (85) into (86). The instability of the diazepine (60) is further shown 
by its decomposition rate of 85 x 10 4min 
1 
 and its rate of conversion 
into the 7-methoxyindazole (66) of 26 x 10 4min
1
; both these rates 
are very much higher than the corresponding rates fOr the rn, 6-
methyldiazepine (85) and the p, 7-methoxydiazpine (84) (Table 24). 
This therefore suggests that the effect is mainly a steric one and is 
further substantiated by the fact that the other half of the rn-methoxy-
diazepine system, i. e. (61)±indazole, shows rate constants which are 
of the same magnitude as the corresponding ones found in all the other 
systems. 
The attempt at calculating rate constants for scheme D gave 
the results in Table 23, and these again show that the diazepine (60) 
is indeed very unstable having high rate constants for its loss to 
indazole and to diazo-alkene, but with the problem of not knowing the 
concentration of (79) no accurate rates can be given. 
Them, 6-methyldiazepine (85) system shows rate constants 
(scheme A' scheme B'; Table 22) most of which are of the same 
order as found in the parent system, the only higher values being 
found for k, and k 3 (the loss of (85) itself) which again is consistent 
with the proposals of steric effects as participating in the mechanism. 
The energy diIference.(AG ° -RTlnk9 /k 10 ) for the two diazepiites is 
107 
very much lower for the methyldiazepines (G ° = 1.7 kJ mol 
0.87 kcal. mol- 
1) 
 than for the methoxydiazepines where LG ° = 13. 3 kJ 
mol 	(3.2 kcal mo1); this can be rationalised in terms of the 
steric effects of the substituents - the methoxy group,being much 
larger than the methyl group,increases the steric crowding at the 
6-position of the diazepines. 
CONCLUSION 
Two separate pathways with different types of intermediates 
have been found in the thermal decomposition and isomerisation of 
31-i-1, 2-benzodiazepines. A diazo-alkene is involved in the decom-
position of the diazepines, and decomposes by loss of nitrogen to give 
a carbene which gives the major product,as 3-diphenlmethy1ene- 
• cyclopentene,by insertion into an adjacent C-H bond. The isomer- 
- 
	
	isation with the indazole does not involve a charged species, so 
either a radical pathway is followed or a concerted step is taken. 
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